US011796806B2

a2 United States Patent (10) Patent No.: US 11,796,806 B2

Xu et al. 45) Date of Patent: Oct. 24, 2023
(54) HEAD-UP DISPLAY DEVICE AND MOTOR (52) U.S. CL
VEHICLE CPC ... G02B 27/0101 (2013.01);, B60K 35/00
(2013.01); GO2B 27/0179 (2013.01);
(71) Applicant: FUTURUS TECHNOLOGY CO., (Continued)
LID., Beying (CN) (58) Field of Classification Search
.. CPC i, G02B 27/0101; G0O2B 27/0179;
(72) Inventors: Junfeng Xu, Benjing (CN); Huijun GOPRB 27/18- GO2R 2027/0187 GO?R
Wu, Beijing (CN); Tao Fang, Beijing j % 10257
(CN) (Continued)
(73) Assignee: FUTURUS TECHNOLOGY CO., (56) References Cited

LTD., Beiiing (CN
jing (CN) U.S. PATENT DOCUMENTS

(*) Notice: Subject to any disclaimer, the term of this
6,844,969 B2 1/2005 Cho et al.

patent 1s extended or adjusted under 35 8773320 B2 7/2014 Sugiyama
U.S.C. 154(b) by 171 days.

(Continued)
(21) Appl. No.: 17/611,716 FOREIGN PATENT DOCUMENTS
CN 102033318 A 4/2011
(86) PCT No.: PCT/CN2020/090604 (Continued)
§ 371 (c)(1), Primary Examiner — Thuy N Pardo
(2) Date: Nov. 16, 2021 (74) Attorney, Agent, or Firm — Dilworth & Barrese,
LLP; Michael J. Musella, Esq.
PCT Pub. Date: Nov. 26, 2020 Disclosed are a head-up display device and a motor vehicle.
The head-up display device includes an 1image source, a
(65) Prior Publication Data transtlective device and a light control device. The image

source 1s configured to emait light for forming an image. The
transtlective device 1s configured to reflect light that 1s
incident on the transtlective device and allow the light that

US 2022/0214543 Al Jul. 7, 2022

(30) Foreign Application Priority Data 1s 1ncident on the transflective device to be transmitted. The
light control device includes a retroretlection element and a
Ml\?[y 1;! ggég (gﬁ) """"""""""""" 38;3%8?%2#228 dispersion element arranged above the retroretlection ele-
i (CN) i ' ment; the retroretlection element 1s configured to reflect the
(51) Int. Cl light that 1s incident on the retroretlection element 1in a
GObG _'5/00 (2006.01) direction opposite the imncident direction of the light that 1s
GO2B 27/01 (2006.0:h) incident on the retroretlection element; and the dispersion
B60K 35/00 (2006.O:L) clement 1s configured to diffuse the light that 1s incident on
GO2B 27/18 (2006.O:L) the dispersion element.
GO3B 21/60 (2014.01) 20 Claims, 14 Drawing Sheets
2 1
~al
=t SR
| Eye box ,
- - I
f"j /“”H
/‘F
..---'""’F'—J




US 11,796,806 B2

Page 2
(52) U.S. CL 11,630,250 B2*  4/2023 XU .cocoovvovverieennn, GO02B 30/35
CPC ............ G02B 27718 (2013.01); GO3B 21/60 359/489.07
(2013.01); B60K 2370/1529 (2019.05); B60K 201170255303 AT* 1072011 Nichol .....c.c....... G02332/222(5)§
23705334 (2019.05); G028 2027/0157 2015/0219834 Al* 82015 Nichol ................. G02B 6/0028
(2013.01) 245/
(58) Field of Classification Search 2019/0278091 ALl*  9/2019 SMits ..oo.cccove....... HO4N 13/363
CPC .... GO2B 5/124; G02B 5/128; G02B 27/0944; 2020/0033614 Al 1/2020 Shi
G02B 2027/0118; B60K 35/00; B60K
23770/1529; B60OK 2370/334; B6OK FOREIGN PATENT DOCUMENTS
23770/23; GO3B 21/60; GO3B 21/62
USPC i, 345/7, 8, 9 CN 102098522 A 6/2011
L - CN 104133292 A 11/2014
See application file for complete search history. P 506523704 U 07017
CN 108181716 A 6/2018
(56) References Cited CN 108983423 A 12/2018
| CN 109799615 A 5/2019
U.S. PATENT DOCUMENTS CN 2710666314 U 6/2020
JP 2016194555 A 11/2016

9,348,140 B2 5/2016 Kusaka et al. _ _
10,684,492 B2 6/2020 Xu * cited by examiner



U.S. Patent Oct. 24, 2023 Sheet 1 of 14 US 11,796,806 B2

\ Il' T . EL _'.. .'. N . - | o e .. - . KL 1.. = K .
L. . <. £ ' o r . - -

P 4 : A - i‘
| ol "I; Ny = [

: S P LI E P S S & A& . J e :
'F. *I '.:i'_l '._‘H:*l_‘:_'*l*‘l.*f*l -._r"“_r 1:*::*!_*? u'_ﬂ_l e l_*_'." 14:*1_*:.:&:*1*{*1*-;' =) I'_i_'l. - ‘.:i_l -._ri_a:#j .‘!-' vy *v‘ 14:*"_1 = ay F 1{“,-:*!*‘-{*’“‘.: __.-?'
-*IHIHIHFiiiiiiiiiii#iiiiiiiiii#iiiii#ii##iiiii*ii#iii# .
S S S S S I

-

. I r .-'__ - " - -?.;"'_-

FIG. 2



US 11,796,806 B2

Sheet 2 of 14

Oct. 24, 2023

U.S. Patent

R

S

WIS,

o

301

FIG. 3
FiG. 4




U.S. Patent

Oct. 24, 2023

Sheet 3 of 14

FIG. S

N

j‘:;:' Clin .3;‘1 ; {5 ..‘.
'-’Ir * di N r."
.‘- s, *‘a. .]'f. A * -.-‘ iy .f'
T Vi "2 ; A s -
F, . F : ) “u, . ™
i‘-. " i .‘I‘ ( "";.h ..‘H_rll“l'.
**'ﬁ ", ..;-l . ' ] Pay 4"".':‘
I‘dﬂn- I":.i f v -'“'h.
H\ s me ma mm. e ,l_., rem emn mmt rma me rma mmt rmm e e ema g

A A B A N N N N N N A N Al
*k*\'*i'*i'*\'*i'*k*i'*i'*i'*\'*i'*i'*\'*i'*k*\'*i'*i'*\'*i'*k*i'*i'*i'*\'*i'*i'*\'*i'*k*i'*i'*i'*\'*i'*i'*\'*i'*i'*\'*i'*i'*\'*i'*k*i'*i'*i'*\'*E*i'*\'*t*i'*\'*tki'*\'*t*k*i'*i'*i'*\'

FIG. 6

US 11,796,806 B2



US 11,796,806 B2

n -
.l'l -.l.
L
d..‘
l._.l...l
L
-
| ] r-.
N [
.l
. ')
.-
u
L

£

o
..
™

R
. gl r mom o momoEEowom
LTy

Me'm's n'w"mt, e’ wwiws -

Sheet 4 of 14

FIG. 7

Oct. 24, 2023

U.S. Patent

Py

&
4

1 TS

1 i
l'."-.

FIG. &



U.S. Patent Oct. 24, 2023 Sheet 5 of 14 US 11,796,806 B2

FI1G. 9

Fmergent

Incident hieht
lioht RS

FIG. 11



. Patent ct. 24, 2023 Sheet 6 of 14 S 11,796,806 B2

Emergent Incident hght
light

FiG. 12

cident fight

Emergent hght

FIG., 13

- .
" T -
T r - L} -
. T -
.. .
. a
L] a -
ax
L]
- -
"
L]
L]
'
L ]
"
a
a
L] o
1 'S N * e
' ' - .
3 "* ' o= & "blr'bllrﬁ-f:t.‘-“qb"b}*‘ 'q ll-l.q-
nN - . IJ-- .ll-‘jr. F bb
L _Jr'!..‘lr ] [ ] M
*r
bI [~
-
E "F
t »
. F r r
L
LI L]
r" e o ]
rT LI
- L 1 Trr:w r L L]
. ' e l" "r ‘-Il Te'm J-".-‘; a o » » "l. "l. 1 -
- -
q.b'..-l-l-ql,l-bl-q. . s [ ] T '.-'l- r ' § qq T
- _'l'.ll*}r s
"
'r‘-r.r
'
r "‘ [ ]
r Th L]
I""r '.
] Caty "
N rm [F I T
. r * Fowro N "
. . L3 F oo, T ¥
LY F T P r'r F R
R TR YA N LRI L B . |-l.h
a s M 3 - e
13 r - ]
- - ax
1 * “‘.
1 r
& r '|~Jl
T » W7
F | bb.-
r
-
4 a ¥
" .
r oy - ]
» Ty P A
‘_!.l,-.‘_l'_-. 'r-il.l.* l-."‘ )
- 1 LI
.- L) e
'
T [ ]
. T
h xr B L] L]
& r L R ] T LI
AP I L . v
LI B - & - -
L T ok | 4 ' a
LI L B Y L] L] ' LI L]
F F xr &+ & F rir oy g g r o grogpj T L ]
) = = LI T F r [ ] -
P * L] L] e ow. " ' »
L] 1 L] = 7 - . L] . L] . [ Y
L | [ L L =1 & r gy . - & r §
1 2 ' L] CF eow e | ]
- L] o * + - Fw -k w7 L] L}
' £ LI ] - s L]
' + -
. . >
r
. L]
.
a =
L 'F,‘_
L ' - L I ko s A
1 ' ¥ - Rrr FF ek R




US 11,796,806 B2

Sheet 7 of 14

Oct. 24, 2023

U.S. Patent

inctdent hght

gnt

gent i1

e

Eme

FI1G. 15

ght

ncident i

1

ght

t

Bmergent |

F1G. 16

LI C N I N I R I N O |
r ko L
ol
L] ' T 5 1
-

A
[ttty '

™

)

L]
b

»

2
)
)

o
e

¥ OW W W W W W W W W MW W M W W MW W W
; 2

R R A A AT

o R N R R

™

R

e e T T T

>

)

e
e

2
)
)

R T
Sl
i

)
b

L )
[ ]
H
)

»

b ]
ok
[ ]
F
)

)
b

[
H
™

e e M e M R e M M o o o M a

i

o
o M e p  a e  p a a a

u
L O O e T T I O R
B bk b b b b bk bk bk h kK
FY
W

[ ]
]
Ao b ko R hon b b R R b ok

F bk
[ ]

2w

)

"
o

FY

EY

L] '?‘!!:‘!H?‘!!:‘!!?‘!H:‘l!!H!!HH!H!HHH!H!!HH!H!HHH e N

2
N

>

FIG. 17



U.S. Patent Oct. 24, 2023 Sheet 8 of 14 US 11,796,806 B2

w

B ettty
0 el O o
P
e

ﬂ.ﬂ.xﬂ.ﬁ?

FrY T EETETEYTEETTYEYFFYEFEY YT EREY YR YT FETEFEEEETEFETETEYEYYYFEYEYTFEYTEEYREEF O

=
=% FTFEEFEEFEFTEETETYERR “1'1'1'[1-1'1'1-1'1"l‘!‘!‘l‘!‘l‘!‘!‘l‘l‘!‘l‘l‘!‘l‘l‘!‘!‘!“

4851 F ) Fits

FIG. 18

- #
,
o

5 ™
¥ L - *
5 e
] y e -
I “J‘ , - "
] A S .
' — " .-—""'F.‘_.
I . ““ [ ]
2 <
I tﬂﬂ.-'--#‘dl. ..p—"‘-.‘-.'
. "“*_.i *
' - !'"_-' —-—_——-—_1
' -"".“" i Za . r

l." ' I I
' -.i.-"""‘- f E

™ .

: - -,--_-I-" . I E}ve b'_:-‘x E
' .--.--"II ‘F'.- f | I
I :"p-"i"'“ a I !
" ..-'-'--"‘“"'""."-'--FIIUH-'III'IHI---#H-----iju-p“uhlq--l-.-- ——— e
: : h-.-.thﬂ—l#_i“1-“-#-ﬁ-‘h—l-ﬂ-1“+-_l_nm.“'m‘_-'“i-_.l
3 - /
] i .
? - !
| .
> i
2 - /

Vitnal image ! i

m?“-d'_dl“

/ 300

301

1.



U.S. Patent Oct. 24, 2023 Sheet 9 of 14 US 11,796,806 B2

-
-
-
-
-
-
-

--------
™

- -

-
Fy |
- -
- -
-
-

=h

Virfual unage

\! I; 3
i
1h / 300

iiiiiiiiiiiiiiiiiii

= -ﬁ-""#""-ﬁ-*-i"#'#*#'#'#'#*-ﬁ*#'#*#‘#'ﬁ-‘# 7

301

F1G. 20

FIG. 21

Emergent _ _
tight Incident heht




U.S. Patent Oct. 24, 2023 Sheet 10 of 14 US 11,796,806 B2

pmergent
fight

{newdent hight

LU

VVVVNVVIVAAL 30
P
je |8 301

FiG. 24

.Il -' -' -ll -' -' -' -' -' -ll -' -' -' -' -' -' -' -' -ll -' -' -' -' -' -ll -' -' -ll -' -' -' -' -' -ll -' -' -' -' -' -' -' -' -ll -' -' -' -' -' -ll -' -' -' -' -' -' -' -' -ll -' -' -' -' -' -' -' -' -' -' -' -' -' -' -ll -' -' -' -' -' -' -' -' -ll -' -' -' -' -' -' -' -' -' -' -' -' -' -' -ll -' -' -' -' -' -' -' -' -' -' -' -' -' -' -ll -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -' -:.-

FIG. 25

2011

3013

-3012




U.S. Patent Oct. 24, 2023 Sheet 11 of 14 US 11,796,806 B2

¥
-,-F‘
1
b, ; et
b - 'i'-': '
4 1 LR u
g o " - " P T P - -~ * F
1 1
{ 4 f‘f
1 1l-".| - 1
) ------------------I--I--I--I--I--'-1'-"-1'-'-1'-"-1'-"-1'-'ﬁ-ﬁ-ﬁ-ﬁ-ﬁ-ﬁ'ﬁ-ﬁ-ﬁ-ﬁ-ﬁ-m“mwi '.‘ﬂ* ‘.ﬂ“‘ ™
! 1l “".l- . LES
T q:'-.-h.-r-— ,
p 1 ,,-.""'t.i _;E
1 1 ]
b ! .‘-l"'ﬂ‘ -
1' ¥
...................................................................................................................... L.
e e e e e e e e e e e e e e e e e S e e e e e S e S e S S e S B S S y ! 'y
1. 1| -q"’p"' p'.“.
£ o T
------------------------------------------------------------------------------------------------------------------- ﬁli"‘:'. ‘n
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr ) - “a .‘:
p - .
J
b 3 ~~ 1
$ ; oy
Bt o e e e e e e e o o o e o e e o o e o e e o e ok o e b e e o o o e o o e e e b o e o o ko o b o e b o b L WLl -
1 1 :
r 1 -
1 = =
r p-o—a—ua" oAy
—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— [} ¥ [ 3 L
:' 1 aF gt
b -

SRR SEDOLY

e S B e e B B B e e B B B S B M B S e S B S B e e B e B e e B B e S B S B e S B e B e S e e e B e e B S e S B B S B B B e e e e e B B e B e e e B B e e e e e e e e e e B e e B e e e e e e e e e e e e e e S B B h’,-‘-"’-"‘ E“.‘}ﬁ-
] 1

PR S N T A A Y
b BE B Li Ri R

F1G. 27

Light

K

incident light
- #“F-
- mﬂﬂ
imergent

"
[
e E E R R R R R E R R R EE R R R R R B R R E R R R R R R R R R R R R R R R R R E R R R E R R R R B B R R R R R R R R R R E B R R E R R R R B R R R R R E R R R R R B B R E R R R R R E R R R R R E R R B R B R R R R R R R R R R R E R R R R R R R R R R R E R E R R B R R R R R R R R R R R R R R E R R R R R E E R R R EE R R R B

FIG. 28

3010_1

3016

F1G. 29



U.S. Patent Oct. 24, 2023 Sheet 12 of 14 US 11,796,806 B2

3016

FI1G. 30
3010 2 3013
\ \ \
\\ \
\ /)
\ / \/ \ s
3011

FI1G. 31

3011

FI1G. 32



U.S. Patent

Oct. 24, 2023

Sheet 13 of 14

30)

US 11,796,806 B2

10 2 3013

N0

3011

N 3011
. W
. N -
FI1G. 33
\ \ 30102 3013
1\ / \ 111 ® / ‘1 \\ “ 7 // 3011
L s AN " o
,/ g pd /
FIG. 34

3015

F1G. 35




U.S. Patent Oct. 24, 2023 Sheet 14 of 14 US 11,796,806 B2

3011

3015 3010 2

FiG. 36



US 11,796,806 B2

1

HEAD-UP DISPLAY DEVICE AND MOTOR
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present patent application claims priority of Chinese
Patent Application No. 201910414494.0 filed on May 17,
2019, and prionity of Chinese Patent Application No.
202010388755.9 filed on May 9, 2020, the disclosure of
which 1s incorporated herein by reference 1n its entirety as
part of the present application.

TECHNICAL FIELD

Embodiments of the present disclosure relate to a head-up
display device and a motor vehicle.

BACKGROUND

Transportation tools have become an indispensable part of
modern social life; and people use various means of trans-
portation to improve their social work and life efliciency.
Therein, various drivable tools, for example, automobiles,
are widely used with improvement of social economy and
people’s living standards. But the use of driving tools also
brings a series of problems, of which the most prominent
one 1s driving safety. Usually, a driver will pay close
attention to driving information on a driving tool dashboard
to ensure reliable driving during a driving process; however,
due to a limited volume of the driving tool per se, almost all
driving tool consoles on the market today have cramped
space; generally speaking, 1n order to improve a utilization
rate of the driving tool console, the driving tool dashboard
1s designed below the console, so the driver needs to look
down at relevant information on the dashboard during
driving, and 1n actual driving, frequency of such an action of
looking down at the information on the dashboard 1s very
high, which 1s likely to cause distraction of the driver during
the process of looking down, incurring traflic accidents.

A Head-Up Display (HUD) technology may avoid dis-
traction caused by the driver looking down at the dashboard
during driving, thereby ensuring drwmg safety. Specifically,
HUD-related products are mounted in the drlvmg tool
drivable tool, which, on the one hand, may improve a
driving safety factor, and on the other hand, may also bring
a better driving experience by using the HUD-related prod-
ucts, meeting needs of today’s high-tech life.

SUMMARY

At least one embodiment of the present disclosure pro-
vides a head-up display device, comprising an image source,
a transflective device, and a light control device; the image
source 1s configured to emit light for forming an 1image; the
transtlective device 1s configured to reflect light incident on
the transtlective device and transmit the light incident on the
transflective device; the light control device comprises a
retro-reflective element and a diffusing element; the retro-
reflective element 1s configured to reflect light incident on
the retro-reflective element 1n an direction opposite to an
incident direction of the light incident on the retro-reflective
clement; the diflusing element 1s conﬁgured to diffuse light
incident on the diffusing element; the 1image source firstly
emits the light for forming the image; the light for forming
the 1mage 1s 1ncident on the transtlective device; the light
emitted by the image source and incident on the transflective
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2

device 1s subjected to a first reflection by the transtlective
device; the light subjected to the first reflection by the
transtlective device 1s 1ncident on the light control device,
passes through the diflusing element, and then 1s incident on
the retro-reflective element; the retro-reflective element
allows the light incident on the retro-reflective element to be
emitted 1n the direction opposite to the incident direction of
the light imncident on the retro-reflective element; the light
emitted 1n the direction opposite to the incident direction of
the light incident on the retro-reflective element passes
through the diffusing element and 1s diffused by the dif usmg
clement; the light diffused by the diflusing element 1s
incident on the transtlective device, and 1s subjected to a
second reflection by the transtlective device to form a virtual
1mage.

For example, in at least one example of the head-up
display device, the diffusing element adopts a device con-
figured to diffuse the light incident on the diffusing element
to form a beam having a certain shape.

For example, 1n at least one example of the head-up
display device, the diflusing element 1s configured to difluse
the light incident on the diffusing element to form one or
more beams having certain shapes.

For example, 1n at least one example of the head-up
display device, a cross-sectional shape of the beam com-
prises at least one selected from the group consisting of
linear shape, circular shape, elliptical shape, square shape,
and rectangular shape.

For example, in at least one example of the head-up
display device, the retro-reflective element comprises a
substrate and a plurality of microstructures at the substrate.

For example, 1n at least one example of the head-up
display device, a reflective layer 1s between the substrate and
the microstructures.

For example, 1in at least one example of the head-up
display device, retlectance of the retlective layer ranges from
50% to 95%.

For example, 1n at least one example of the head-up
display device, the microstructure 1s a spatial structure
comprising three faces perpendicular to each other pairwise;
and the three faces are all configured as reflective surfaces.

For example, in at least one example of the head-up
display device, the spatial structure adopts a hollow concave
structure or adopts a structure with a solid center, and a
material of the structure with the solid center comprises a
transparent material; and 1n a case where the spatial structure
adopts the hollow concave structure, three inner surfaces
perpendicular to each other of the hollow concave structure
are configured as the reflective surfaces; and 1n a case where
the spatial structure adopts the structure with the solid
center, three outer surfaces perpendicular to each other of the
structure with the solid center are configured as the retlective
surfaces.

For example, in at least one example of the head-up
display device, the microstructure 1s a triangular pyramid
structure comprising three triangles perpendicular to each
other pairwise or a cubic structure comprising three rect-
angles perpendicular to each other pairwise.

For example, 1n at least one example of the head-up
display device, at least one of the reflective surfaces 1is
provided with a reflective layer; and reflectance of the
reflective layer ranges from 50% to 95%.

For example, 1in at least one example of the head-up
display device, the microstructure adopts a spherical struc-
ture.

For example, 1n at least one example of the head-up
display device, the spherical structure adopts a structure




US 11,796,806 B2

3

with a solid center, and the a material of the structure with
the solid center comprises a transparent material.

For example, in at least one example of the head-up
display device, a surface of the transflective device com-
prises a free-form surface or a flat surface.

For example, in at least one example of the head-up
display device, the image source adopts a projecting device;
the transflective device adopts a windshield of a transpor-
tation tool; the projecting device 1s configured to emit light
to the windshield of the transportation tool; and the light
control device 1s below the windshield of the transportation
tool.

For example, in at least one example of the head-up
display device, the projecting device comprises a lens por-
tion.

For example, in at least one example of the head-up
display device, wherein the diflusing element i1s on a side,
close to the transtlective device, of the retro-reflective ele-
ment.

For example, 1n at least one example of the head-up
display device, an orthographic projection of the transtlec-
tive device on a plane, where the diffusing element 1s
located, at least partially overlaps the diffusing element.

For example, in at least one example of the head-up
display device, the image source 1s on a side, away from the
virtual 1mage, of the transtlective device; an orthographic
projection of the 1mage source on a plane where the diffusing
clement 1s located and an orthographic projection of the
transtlective device on the plane where the diffusing element
1s located are spaced apart from each other; and the ortho-
graphic projection of the image source on the plane where
the diffusing element 1s located and the light control device
are spaced apart from each other.

At least one embodiment of the present disclosure also
provides a motor vehicle, which comprises the head-up
display device provided by at least one embodiment of the
present disclosure.

At least one embodiment of the present disclosure also
provides a head-up display device, comprising a light con-
trol device, the light control device comprises a retro-
reflective element and a diffusing element; the retro-reflec-
tive element 1s configured to reflect light incident on the
retro-reflective element 1n a direction opposite to an incident
direction of the light incident on the retro-reflective element;
the diflusing element 1s configured to diffuse light incident
on the diffusing element; light, which i1s emitted by an image
source, for use of being incident on a transtlective device,
and for use of forming an 1mage, 1s retlected by the transtlec-
tive device to the light control device; the light reflected to
the light control device passes through the diffusing element
and then 1s reflected back to the diffusing element by the
retro-reflective element; the light reflected back to the dif-
fusing element passes through the diffusing element, is
incident on the transflective device again, and 1s reflected by
the transtlective device again, to form a virtual image on a
side, away from the image source, of the transtlective
device.

For example, 1n at least one example of the other head-up
display device, which further comprises the transflective
device, the transtlective device 1s configured to reflect the
light incident on the transflective device and transmit the
light incident on the transtlective device; and the diffusing
element 1s on a side, close to the transtlective device, of the
retro-reflective element.

For example, 1n at least one example of the other head-up
display device, an orthographic projection of the transtlec-
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tive device on a plane where the diffusing element 1s located
at least partially overlaps the diflusing element.

For example, 1n at least one example of the other head-up
display device, which further comprises the image source,
the 1image source 1s on a side, away from the virtual 1mage,
of the transtlective device; an orthographic projection of the
image source on a plane where the diffusing element 1s
located and the orthographic projection of the transtlective
device on the plane where the diffusing element 1s located
are spaced apart ifrom each other; and the orthographic
projection of the image source on the plane where the
diffusing element 1s located and the light control device are
spaced apart from each other.

For example, 1n at least one example of the other head-up
display device, the image source comprises a projecting
device.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate the technical solutions of the
embodiments of the disclosure, the drawings of the embodi-
ments will be briefly described in the following; 1t 1s obvious
that the described drawings are only related to some embodi-
ments of the disclosure and thus are not limitative to the
disclosure.

FIG. 1 1s a schematic diagram I of a head-up display
device provided by some embodiments of the present dis-
closure.

FIG. 2 1s a structural schematic diagram of a light control
device provided by some embodiments of the present dis-
closure.

FIG. 3 1s a schematic diagram II of a head-up display
device provided by some embodiments of the present dis-
closure.

FIG. 4 15 a side view of a light path of a beam having a
linear, circular, elliptical, square, or rectangular cross section
formed by light passing through a diffusing element pro-
vided by some embodiments of the present disclosure.

FIG. 5 1s a top view of a light path of a beam having a
linear, circular, elliptical, square, or rectangular cross section
formed by the light passing through the diffusing element
provided by some embodiments of the present disclosure.

FIG. 6 1s a top view of a light path of a beam having a
rectangular cross section formed by the light passing
through the diffusing element provided by some embodi-
ments of the present disclosure.

FIG. 7 1s a top view of two beams having certain shapes
formed by the light passing through the diffusing element
provided by some embodiments of the present disclosure.

FIG. 8 1s a top view of a light path of two beams both
having rectangular cross sections formed by the light pass-
ing through the diffusing element provided by some embodi-
ments of the present disclosure.

FIG. 9 1s a structural schematic diagram of a retro-
reflective element provided by some embodiments of the
present disclosure.

FIG. 10 1s a structural schematic diagram formed by
permutation and combination of six triangular pyramid
structures having an equilateral-triangular cross section pro-
vided by some embodiments of the present disclosure.

FIG. 11 1s a retro-retlection principle diagram 1n the case
where a triangular pyramid structure having an equilateral-
triangular cross section provided by some embodiments of
the present disclosure 1s a hollow concave structure.

FIG. 12 1s a retro-reflection principle diagram 1n the case
where a triangular pyramid structure having an equilateral-
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triangular cross section provided by some embodiments of
the present disclosure 1s a solid transparent structure.

FI1G. 13 1s a retro-reflection principle diagram 1n the case
where a cubic structure having a rectangular cross section
provided by some embodiments of the present disclosure 1s
a hollow concave structure.

FIG. 14 1s a structural schematic diagram formed by
permutation and combination 1n the case where a cubic
structure having a rectangular cross section provided by
some embodiments of the present disclosure 1s a hollow
concave structure.

FIG. 15 1s a retro-reflection principle diagram 1n the case
where a cubic structure having a rectangular cross section
provided by some embodiments of the present disclosure 1s
a solid transparent structure.

FIG. 16 1s a retro-retlection principle diagram of a spheri-
cal structure provided by some embodiments of the present
disclosure.

FIG. 17 1s a schematic diagram of an embedded retro-
reflective element provided by some embodiments of the
present disclosure.

FIG. 18 15 a schematic diagram of a sealed retro-retlective
clement provided by some embodiments of the present
disclosure.

FIG. 19 1s an operation schematic diagram I of a head-up
display device in a transportation tool with a windshield
provided by some embodiments of the present disclosure.

FIG. 20 1s an operation schematic diagram II of a head-up
display device in a transportation tool with a windshield
provided by some embodiments of the present disclosure.

FIG. 21 1s a structural schematic diagram formed by
permutation and combination of triangular pyramid struc-
tures having an isosceles-triangular cross section provided
by some embodiments of the present disclosure.

FI1G. 22 1s a retro-reflection principle diagram 1n the case
where a triangular pyramid structure having an 1sosceles-
triangular cross section provided by some embodiments of
the present disclosure 1s a hollow concave structure.

FI1G. 23 1s a retro-reflection principle diagram 1n the case
where a triangular pyramid structure having an isosceles-
triangular cross section provided by some embodiments of
the present disclosure 1s a solid transparent structure.

FIG. 24 1s a cross-sectional schematic diagram of a
diffusing element and a retro-retlective element provided by
some embodiments of the present disclosure.

FIG. 25 1s a structural schematic diagram of a retro-
reflective element having a reflective microstructure pro-
vided by some embodiments of the present disclosure.

FIG. 26 1s a structural schematic enlarged view of a
reflective microstructure having a reflective layer arranged
on a reflective surface provided by some embodiments of the
present disclosure.

FIG. 27 1s a structural schematic diagram of films being
stacked provided by some embodiments of the present
disclosure.

FIG. 28 1s a schematic diagram of a retro-reflective
clement being arranged on an external support element
provided by some embodiments of the present disclosure.

FIG. 29 1s a structural schematic diagram of a retro-
reflective element provided by some embodiments of the
present disclosure.

FIG. 30 1s a structural schematic diagram of another
retro-reflective element provided by some embodiments of
the present disclosure.

FIG. 31 1s a structural schematic diagram of a further
retro-reflective element provided by some embodiments of
the present disclosure.
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FIG. 32 1s a schematic diagram of a light path of the
retro-reflective element as shown in FIG. 31.

FIG. 33 1s a structural schematic diagram of still another
retro-reflective element provided by some embodiments of
the present disclosure.

FIG. 34 1s a schematic diagram of a light path of the
retro-reflective element as shown 1n FIG. 33.

FIG. 35 1s a structural schematic diagram of still another
retro-reflective element provided by some embodiments of
the present disclosure.

FIG. 36 1s a structural schematic diagram of still another
retro-reflective element provided by some embodiments of
the present disclosure.

DETAILED DESCRIPTION

In order to make objects, technical solutions, and advan-
tages of the embodiments of the present disclosure apparent,
the technical solutions of the embodiments will be described
in a clearly and fully understandable way in connection with
the drawings related to the embodiments of the present
disclosure. Apparently, the described embodiments are just
a part but not all of the embodiments of the present disclo-
sure. Based on the described embodiments of the present
disclosure, those skilled in the art can obtain other embodi-
ment(s), without any inventive work, which should be
within the scope of the present disclosure.

Unless otherwise defined, all the technical and scientific
terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art to which the
present disclosure belongs. The terms “first,” “second,” etc.,
which are used 1n the present disclosure, are not intended to
indicate any sequence, amount or importance, but distin-
guish various components. The terms “comprise,” “com-
prising,” “include,” “including,” etc., are intended to specily
that the elements or the objects stated before these terms
encompass the elements or the objects and equivalents
thereof listed after these terms, but do not preclude the other
clements or objects. The phrases “connect”, “connected”,
etc., are not intended to define a physical connection or
mechanical connection, but may include an electrical con-
nection, directly or indirectly. “On,” “under,” “right,” “left”
and the like are only used to indicate relative position
relationship, and when the position of the object which 1s
described 1s changed, the relative position relationship may
be changed accordingly.

The mventors of the present disclosure notice 1n research
that, although there are many traditional HUD products, 1t 1s
difficult to 1mplement large-sized HUD displays through
related devices and related technologies; and therefore, a
new head-up display device needs to be proposed to meet
large-sized HUD display demand, which will be exemplarily
described below.

For example, with respect to ex-factory HUD and after-
market HUD, the aftermarket HUD per se has a certain
volume size, and an HUD image display size 1s too small to
display richer information, for example, other complex
safety information.

Traditional ex-factory HUD mainly adopts a windshield
in a driving tool for displaying; the HUD 1mage display size
thereol 1s larger than that of aftermarket HUD, but there 1s
also a certain defect based on the windshield displaying as
for the traditional ex-factory HUD, that 1s, usually, a field of
view 1s small, which 1s usually only within 10° when
accurate to a numerical value; as a result, an actual HUD
image display size 1s still very small, which can usually only

display vehicle speed or direction imnformation, and cannot
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display richer navigation map information and other com-
plex safety information, making 1t diflicult to meet a driver’s
needs for various types ol information when driving the
driving tool; and therefore, a large-screen HUD that uses a
driving tool windshield for displaying is receiving more and
more attention.

A related display displaying technology cannot funda-
mentally solve the problem of large-sized HUD display, but
brings a series of other problems; however, in the case where
the displaying technology adopts a backlight source for
displaying, only a small portion of light emitted by the
backlight source 1s used for displaying, resulting in low
displaying brightness; although the problem of low display-
ing brightness may be solved by increasing power of the
light source, this will correspondingly bring about the prob-
lems of high power consumption and large heat generation
of the light source, thereby increasing heat dissipation
requirements for the light source device, and cannot funda-
mentally solve the problem of a poor light utilization rate of
the light source, and the related displaying technology will
produce the problem of distorted picture instability.

At least one embodiment of the present disclosure pro-
vides a head-up display device comprising an 1mage source,
a transtlective device, and a light control device. The image
source 1s configured to emit light for forming an 1mage; the
transflective device 1s configured to reflect light incident on
the transtlective device and transmit the light incident on the
transflective device; the light control device comprises a
retro-reflective element and a diffusing element; the retro-
reflective element 1s configured to reflect light incident on
the retro-reflective element in a direction opposite to an
incident direction of the light incident on the retro-reflective
clement; the diflusing element 1s configured to diffuse light
incident on the diffusing element; the 1mage source firstly
emits light for forming the image; the light for forming the
image 1s incident on the transtlective device; the light
emitted by the image source and incident on the transflective
device 1s subjected to a first reflection by the transflective
device; the light subjected to the first reflection by the
transtlective device 1s incident on the light control device,
passes through the diflusing element, and then 1s incident on
the retro-reflective element:; the retro-reflective element
allows the light incident on the retro-reflective element to be
emergent 1n the direction opposite to the incident direction
of the light incident on the retro-retlective element; the light
emergent 1n the direction opposite to the incident direction
of the light incident on the retro-reflective element passes
through the diflusing element and 1s diffused by the diffusing,
clement; the light diffused by the diflusing element 1is
incident on the transflective device, and 1s subjected to a
second reflection by the transtlective device to form a virtual
image.

For example, with respect to the head-up display device
provided by at least one embodiment of the present disclo-
sure, because a range of light irradiating on a transtlective
device 1s large, a field of view and a display region are
enlarged, so that after being reflected by the transtlective
device, light may form a large-sized HUD i1mage, and the
reflected light 1s mncident 1into a preset region, and the preset
region 1S just an eye box, which, thus, may ensure that a
large-sized HUD 1mage 1s observed, and a large-sized image
may be formed with lower power consumption.

Hereinafter, the present disclosure will be {further
explained 1n conjunction with the accompanying drawings.

A head-up display device provided by some embodiments
of the present disclosure, referring to FIG. 1, includes an
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device 3, the image source 1 1s configured to emit light for
forming an 1mage; the transtlective device 2 1s configured to
reflect light incident thereon and transmit the light incident
thereon; referring to FIG. 2, the light control device 3
111c1udes a retro-reflective element 301 and a diffusing
clement 300; the diflusing element 300 1s arranged above the
retro-reflective element 301; light incident on the light

control device 3 firstly reaches the diffusing element 300,
then passes through the diffusing element 300 and then
reaches the retro-reflective element 301; the retro-reflective
clement 301 1s configured to reflect the light incident thereon
in a direction opposite to an incident direction; the diih

using
clement 300 1s configured to diffuse the light incident
thereon; the light 1s diffused by the diffusing element to form
a beam having a certain diflusion angle; and a shape of the
beam having a certain diffusion angle may be regular or
irregular.

For example, FIG. 1 may be referred to for a positional
relationship among the image source 1, the transilective
device 2 and the light control device 3; light emitted by the
image source 1 and used for forming an 1image propagates to
the transflective device 2; the transtlective device 2 retlects
the light incident thereon and then retlected light propagates
to the light control device 3; the hgh‘[ control device 3 allows
incident light to be emltted again; the light emitted again
reaches the transflective device 2; the transflective device 2
will retlect again the light incident thereon; the retlected
light reaches a preset region; the preset region includes an
eye box, and the eye box refers to a region where eyes may
observe the 1mage.

Referring to FIG. 3, firstly, the image source 1 emits light
for forming an 1mage; the light 1s incident on the transtlec-
tive device 2 and 1s subjected to a first reflection by the
transtlective device 2 (the first retlection refers to reflection
for a first time relative to the transtlective device 2 per se);
the reflected light reaches the light control device 3; the light
that reaches the light control device 3 firstly reaches the
diffusing element 300, passes through the diffusing element
300, and then 1s diffused; the diffused light 1s 1ncident into
the retro-reflective element 301; the retro-reflective element
301 allows the light incident thereon to be emitted 1 a
direction opposite to an incident direction; the emergent
light reaches an upper diffusing element 300 again; the
diffusing element 300 re-difluses the light incident thereon
to form a beam having a certain diffusion angle; the beam
having a certain diffusion angle reaches the transtlective
device 2; the light incident on the transflective device 2 1s
subjected to a second reflection by the transtlective device 2
(the second retlection refers to reflection for a second time
relative to the transtlective device 2 per se) to form a virtual
image (e.g., form the virtual image on a side, away from the
image source 1, of the transtlective device 2, referring to
FIG. 19), and the reflected light 1s 1incident into the preset
region.

For example, because a range of light irradiating on the
transflective device 1s large, and the light has a diffusion
angle after being diffused by the diffusing element, the light
can form a large-sized HUD 1mage after being reflected by
the transtlective device, the retlected light 1s incident into the
preset region, and the preset region 1s just the eye box,
which, thus, may ensure observation of the large-sized HUD
image.

On the basis of the above-described solutions, for
example, a transtlective film 1s provided at the transflective
device; the transtlective film at the transflective device may
be, but 1s not limited to, provided on a side, close to the
image source, of the transtlective device; the transtlective
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film plays a role 1n efliciently reflecting the light emaitted by
the 1mage source, while efliciently transmitting external
ambient light inwards; and eflicient use of incident light may
improve brightness of the virtual image.

For example, as shown i FIG. 3, the diflusing element
300 1s located on a side, close to the transflective device 2
of the retro-reflective element 301, for example, as shown 1n
FIG. 3, a side of the light control device 3 on which the
diffusing element 300 1s arranged 1s a light incident side and
a light emergent side of the light control device 3.

For example, as shown in FIG. 3, 1n a direction perpen-
dicular to the light control device 3, the transtlective device
2 at least partially overlaps with the diflusing element 300.
For example, as shown i FIG. 3, in the direction perpen-
dicular to the light control device 3, the transtlective device
2 at least partially overlaps with the retro-reflective element
301. For example, as shown in FIG. 3, in the direction
perpendicular to the light control device 3, the transtlective
device 2 at least partially overlaps with the light control
device 3. For example, as shown 1n FIG. 3, 1n the direction
perpendicular to the light control device 3, the image source
1 does not overlap with the transtlective device 2. For
example, as shown 1n FIG. 3, 1n the direction perpendicular
to the light control device 3, the image source 1 does not
overlap with the light control device 3. For example, as
shown 1n FIG. 19, the image source 1 1s located on a side,
away Ifrom the virtual image, of the transtlective device 2.

It should be noted that, although the head-up display
device shown 1n FIG. 1, FIG. 3 and FIG. 20 all include the
image source 1 and the transtlective device 2, the embodi-
ments of the present disclosure are not limited thereto;
according to actual application needs, 1n some examples, at
least one of the image source 1 and the transtlective device
2 may be voluntarily configured by a user; in this case, the
head-up display device may not include at least one of the
image source 1 and the transtlective device 2. For example,
the head-up display device may not include the transtlective
device 2; 1n thus case, for example, the transtlective device
2 1s implemented by a front windshield (an inner surface of
the front windshield) of a motor vehicle voluntarily config-
ured by the user.

Hereinatter, the diffusing element of the head-up display
device provided by some embodiments of the present dis-
closure will be exemplarily described in conjunction with
FIG. 4 to FIG. 8.

For example, the diffusing element adopts a device that
diffuses 1incident light to form a beam of a certain shape; the
diffusing element diffuses the incident light to form a beam
of a certain shape; the beam of a certain shape refers to that
a cross-sectional shape of the beam i1s a specific regular
shape; the cross-sectional shape of the beam may be, but 1s
not limited to, a linear shape, circular shape, elliptical shape,
square shape, or rectangular shape. For example, the cross-
sectional shape of the beam refers to a cross section obtained
by sectioning the light leaving the diffusing element with a
plane parallel to the diffusing element, that 1s, the cross
section of the beam 1s parallel to the diffusing element. For
another example, the cross-sectional shape of the beam
refers to a cross section obtained by sectioning the light
leaving the diflusing element with a plane perpendicular to
a center line of the beam (i.e., a dashed line shown 1n FIG.
4 and FIG. 5), that 1s, the cross section of the beam 1is
perpendicular to the center line of the beam.

For example, the diffusing element 300 may adopt a
device that difluses incident light to form a beam of a certain
shape; with the device, the diffusing element 300 diffuses the
incident light to form a beam of a certain shape; referring to
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FIG. 4 to FIG. 6, light 4 passes through the diffusing element
300 and 1s diffused by the diffusing element 300 to form a
beam 5 of a certain shape; a diflusion degree, that 1s, a
diffusion angle of the beam 3 depends on the diffusing
clement 300 per se, and the diffusion angle of the beam of
a certain shape directly determines a size of a visible range
and brightness of a finally formed virtual 1mage; a specific
relationship 1s that: the smaller the diffusion angle, the
higher the displaying brightness, and the smaller the viewing
angle; conversely, the larger the diffusion angle, the lower
the displaying brightness, and the larger the viewing angle;
so design for a reasonable beam diffusion angle 1s required
to make displaying brightness and viewing angle be within
an 1deal range.

Referring to FIG. 3, the image source 1 emits light for
forming an 1image; the light 1s incident onto the transtlective
device 2 and 1s subjected to a first retlection by the transtlec-
tive device 2 (the first reflection refers to reflection for a first
time relative to the transtlective device 2 per se); the
reflected light reaches the light control device 3; the light
that reaches the light control device 3 firstly reaches the
diffusing element 300, diffused by the diffusing element 300
to form a beam, and then 1s incident on the retro-reflective
clement 301; the retro-retlective element 301 allow the light
incident thereon to be emitted 1n a direction opposite to an
incident direction; the emergent light reaches an upper
diffusing element 300 again; the diffusing element 300
re-diffuses the light incident thereon to form a beam having
a certain shape; the two diflusions acting on the light by the
above-described diffusing element 300 jointly determine a
cross-sectional shape of the finally formed beam; the beam
of the certain shape reaches the transflective device 2; the
beam 1ncident on the transtlective device 2 1s subjected to a
second retlection by the transtlective device 2 (the second
reflection refers to reflection for a second time relative to the
transtlective device 2 per se) to form a virtual image, and the
reflected light 1s incident into the preset region; mn some
embodiments of the present disclosure, the diffusing element
300 diffuses light to form a beam of a certain shape, and
energy of light in the beam 1s evenly distributed. The beam
having a certain shape irradiates on the transtlective device
and 1s reflected to form the virtual 1image, and energy of the
beam having a certain shape 1s concentrated; in the case
where light irradiates on the transflective device and 1s
reflected, the 1mage formed thereby i1s a high-brightness
image, and at least a portion (e.g., most) of the finally
reflected light falls into the eye box of the head-up display
device.

For example, as shown 1n FIG. 3, an orthographic pro-
jection of the eye box on a plane where the transtlective
device 1s located 1s covered (e.g., completely covered) by the
transtlective device.

For example, as shown in FIG. 3, the eye box at least
partially overlaps with the image source 1 in the direction
perpendicular to the light control device 3, that 1s, an
orthographic projection of the eye box on the plane where
the light control device 3 1s located (e.g., a bottom face of
the plane where the light control device 3 1s located) at least
partially overlaps with an orthographic projection of the
image source 1 on the plane where the light control device
3 1s located. For another example, the orthographic projec-
tion of the eye box on the plane where the light control
device 3 1s located and the orthographic projection of the
image source 1 on the plane where the light control device
3 1s located are spaced apart from each other.

For example, as shown 1n FIG. 3, the eye box does not
overlap with the light control device 3 in the direction
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perpendicular to the light control device 3, that is, the
orthographic projection of the eye box on the plane where
the light control device 3 1s located and the light control
device 3 are spaced apart from each other.

For example, the diflusing element 300 may be, but 1s not
limited to, a diflractive optical element; the diffractive
optical element may be, but 1s not limited to, a beam shaper
that may form beams of a variety of certain shapes; referring
to FIG. 4 to FIG. 5, after passing through the diffusing
clement 300, the hght 4 1s diffused to form a beam 5 having
a certain shape; a size and a shape of a light spot corre-
sponding to the beam 5 (a cross-sectional shape of the beam
5 corresponds to a shape of the light spot) 1s determined by
a microstructure of the diffractive optical element per se; a
shape of the above-described light spot may be, but 1s not
limited to: linear, circular, elliptical, square, and rectangular
shapes. Referring to FIG. 4, FIG. 4 15 a side view of a light
path system corresponding to a beam having a linear,
circular, elliptical, square, or rectangular cross section after
light 4 passes through the diffusing element 300, where, 0,
represents an included angle between two maximum sight
line axes 1n a vertical direction after the light passes through
the diffusing element, 0 ~2c., o represents an included angle
between a feature axis and the maximum sight line axis in
the vertical direction, and the feature axis 1s 1n a position of
a dashed line shown 1n FIG. 4. Referring to FIG. 5, FIG. §
1s a top view of a light path system corresponding to a beam
having a linear, circular, elliptical, square, or rectangular
cross section after the light 4 passes through the diffusing
element 300, where, 0, represents an included angle
between two maximum sight line axes in a horizontal
direction, 0,~2[3, 3 represents an included angle between a
feature axis and the maximum sight line axis in the vertical
direction, and the feature axis 1s 1n a position of a dashed line
shown 1n FIG. 5; and FIG. 6 shows a top view of the light
path system corresponding to the beam 3 having a rectan-
gular cross section after the light 4 passes through the
diffusing element 300.

For example, the diffusing element adopts a device that
diffuses incident light to form a beam of a certain shape; the
diffusing element difluses the incident light to form a beam
of a certain shape; the beam of a certain shape refers to that
a cross-sectional shape of the beam 1s a specific regular
shape; the cross-sectional shape of the beam may be, but 1s
not limited to, a linear shape, circular shape, elliptical shape,
square shape, or rectangular shape.

For example, 1n order to diffuse light 1n different direc-
tions, expand a visible range, and improve a utilization rate
of light emitted by the image source, the diflusing element
300 may adopt a device that diffuses 1incident light to form
a plurality of beams of certain shapes; with the device, the
diffusing element 300 diffuses incident light to form a
plurality of beams of certain shapes; the plurality of beams
refer to two or more beams, wherein, cross-sectional shapes
of the plurality of beams formed may be the same, or the
cross-sectional shapes of the plurality of beams formed may
also be different; and light energy 1s uniformly distributed 1n
the plurality of beams formed.

For example, referring to FIG. 7 and FIG. 8, the light 4
passes through the diffusing element 300 and 1s diffused by
the diflusing element 300 to form two beams of certain
shapes; diffusion degrees, that 1s, diffusion angles of the two
beams of certain shapes both depend on the diffusing ele-
ment per se; a size of the diffusion angle of the beam of a
certain shape directly determines a size and brightness of a
finally formed virtual 1 Image; a specific relationship 1s that:
the smaller the diffusion angle, the higher the displaying
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brightness, and the smaller the viewing angle; conversely,
the larger the diffusion angle, the lower the displaying
brightness, the larger the viewing angle; so design for a
reasonable beam diffusion angle 1s required to make dis-
playing brightness and viewing angle be within an 1deal
range; cross-sectional shapes of the two beams 5 of certain
shapes formed by diffusion of the diffusing element 300 are
the same, and light energy 1s distributed uniformly in the two
beams.

For example, referring to FIG. 3, the image source 1 emits
light for forming an image; the light 1s incident on the
transtlective device 2 and 1s subject to a first retlection by the
transflective device 2 (the first reflection refers to reflection
for a first time relative to the transtlective device 2 per se);
the reflected light reaches the light control device 3, and the
light that reaches the light control device 3 firstly reaches the
diffusing element 300, passes through the diffusing element
300 and then 1s 111e1de11t on the retro-retlective element 301;
the retro-reflective element 301 allows the light 11101de11t
thereon to be exited 1 a direction opposite to an incident
direction; the emergent hght reaches an upper diflusing
clement 300 again; the diffusing element 300 diffuses the
light incident thereon to form two beams having certain
shapes; the two beams of certain shapes reach the transtlec-
tive device 2; the beams incident on the transtlective device
2 are subjected to a second reflection by the transflective
device 2 (the second reflection refers to reflection for a
second time relative to the transtlective device 2 per se) to
form a virtual 1mage; and the reflected light 1s incident into
two regions, one of which 1s an eye box. The multi-beam
diffusing element may improve light efficiency, and may
also 1mplement applications such as multi-viewing-angle
observation. In some embodiments of the present disclosure,
the diffusing element 300 emits two or more beams of
certain shapes; the beams are separated from each other; the
separated beams 1rradiate on the transtlective device and are
reflected by the transtlective device; the reflected light 1s
incident into a corresponding region; the separated beams
make the light emitted by the image source efliciently
utilized, and also, improves brightness of the 1mage; and for
example, the multi-beam diffusing element 1s applied to
multi-view-angle observation with strong expandability.

For example, the diflusing element 300 may be, but 1s not
limited to, a diffractive optical element; and the diffractive
optical element may be, but 1s not limited to, a beam shaper
that can form beams of various certain shapes.

For example, with respect to a diflusing element that can
diffuse a plurality of beams, specifically, the diffusing ele-
ment includes a light diflusing layer and a light orientating,
layer; the light diffusing layer and the light orientating layer
are sequentially arranged along an 1ncident direction of the
incident light, wherein, the light orientating layer emits light
toward a plurality of different directions, and the light
diffusing layer diffuses the light from a plurality of difierent
directions into a plurality of beams, so that the diffusing
clement may diffuse the light into beams of a variety of
certain shapes; and for example, the diffusing element is
referred to as the multi-beam diffusing element.

For example, as shown 1n FIG. 24, the light orientating
layer 3001 1s located between the light diffusing layer 3000
and the retro-retlective element 301.

Some embodiments of the present disclosure provide a
head-up display device, referring to FIG. 3, which includes
an 1mage source 1, a transflective device 2 and a light control
device 3, wherein, the 1mage source 1 i1s configured to emit
light for forming an image; the transtlective device 2 1is
configured to retlect light incident thereon and transmit the
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light incident thereon; referring to FIG. 2, the light control
device 3 includes a retro-reflective element 301 and a
diffusing element 300; the diffusing element 300 1s arranged
above the retro-reflective element 301; the light incident on
the light control device 3 firstly reaches the diffusing ele-
ment 300, then passes through the diffusing element 300,
and then reaches the retro-reflective element 301; the retro-
reflective element 301 1s configured to reflect light incident
thereon 1n a direction opposite to an incident direction; and
the diffusing element 300 i1s configured to diffuse light
incident thereon.

Hereinafter, the retro-reflective element 301 of the head-
up display device provided by some embodiments of the
present disclosure will be exemplarily described in conjunc-
tion with FIG. 9 to FIG. 18 and FIG. 21 to FIG. 23.

For example, referring to FIG. 9, the retro-reflective
clement 301 includes a substrate 3011 and a plurality of
reflective microstructures 3010 distributed on a surface of
the substrate 3011; the reflective microstructures 3010 are,
for example, uniformly distributed on the surface of the
substrate 3011; and all the microstructures are, for example,
uniform. For example, a reflective layer 1s provided between
the substrate 3011 and the reflective microstructure 3010.
For another example, the retlective layer 1s arranged on a
surface of a side, away from the substrate 3011, of the
reflective microstructure 3010.

For example, in the case where light 1s incident on the
retro-reflective element 301, the light firstly passes through
the reflective microstructure 3010 and then 1s exited from
the reflective microstructure 3010; the reflective layer
between the substrate 3011 and the reflective microstructure
3010 can reflect out the light entering the retlective micro-
structure 3010; for example, the reflective layer and the
reflective microstructure 3010 are integrally formed, or the
reflective layer and the substrate 3011 are integrally formed,
or the reflective layer 1s separately provided between the
substrate 3011 and the reflective microstructure 3010, or
others. In the case where the light i1s incident on the
retro-reflective element 301, the light 1s firstly incident on
the microstructure; after the light reaches the inside of the
microstructure and 1s subjected to one or more reflections, it
1s finally exited 1n a direction opposite to the light incident
direction, so that the retro-reflective element 301 may reflect
in the direction opposite to the incident light.

The reflective layer described above i1s for example a
reflective layer having high reflectance; and reflective efli-
ciency of the reflective layer may ranges from 50% to 93%,
that 1s, 50% to 93% of the light incident on the retro-
reflective element 301 1s for example reflected by the
retro-reflective element 301, which, 1n this way, can improve
reflective efliciency of light, and further improve a utiliza-
tion rate of light emitted by the image source.

For example, 1n the head-up display device according to
some embodiments of the present disclosure, the reflective
microstructure 3010 1s a spatial structure composed of three
taces perpendicular to each other pairwise; the three faces
are all reflective surfaces; and the spatial structure 1s a
hollow concave structure or a structure with a solid center,
and the structure with the solid center 1s formed of a
transparent material.

For example, the microstructure may be a triangular
pyramid structure composed of three triangles perpendicular
to each other pairwise or a cubic structure composed of three
rectangles perpendicular to each other pairwise; in the case
where the microstructure 1s a triangular pyramid structure
composed of three triangles perpendicular to each other
pairwise and 1s a hollow concave structure, a retlective layer
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1s provided on at least one of the reflective surfaces, and
reflectance of the retlective layer ranges from 50% to 95%;
in the case where the microstructure 1s a cubic structure
composed of three rectangles perpendicular to each other
pairwise and 1s a hollow concave structure, a retlective layer
1s provided on at least one of the reflective surfaces, and
reflectance of the reflective layer ranges from 50% to 93%;
the above-described solution may improve reflective efli-
ciency of light, thereby improving retro-retlective efliciency
of the retro-reflective element, and improving a utilization
rate of light emitted by the image source. In the case where
the microstructure 1s a triangular pyramid structure com-
posed of three triangles perpendicular to each other pairwise
and 1s the structure with the solid center formed of the
transparent material, a reflective layer 1s provided on at least
one of the reflective surfaces, and reflectance of the reflec-
tive layer ranges from 50% to 93%; in the case where the
microstructure 1s a cubic structure composed of three rect-
angles perpendicular to each other pairwise and 1s the
structure with the solid center formed of the transparent
material, a retlective layer 1s provided on at least one of the
reflective surfaces, reflectance of the retlective layer ranges
from 50% to 95%; the above-described solution may further
improve reflective efliciency of the reflected microstructure
light, thereby further improving retro-retlective efliciency of
the retro-reflective element, and increasing a utilization rate
of light emitted by the 1mage source.

The above-described triangular pyramid structure 1s com-
posed of three triangles perpendicular to each other pair-
wise; the triangular pyramid structure has a unique right-
angled vertex; a plurality of microstructures are distributed
on a surface of the substrate, that 1s, a plurality of triangular
pyramid structures are distributed on the surface of the
substrate; and the rnight-angled vertex corresponding to the
triangular pyramid structure 1s located on a side close to the
surface of the substrate or on a side away from the surface
of the substrate, that 1s, there are a plurality of right-angled
vertex protrusions evenly distributed on the surface of the
substrate.

Similarly, the above-described cubic structure 1s com-
posed of three rectangular faces perpendicular to each other
pairwise; the cubic structure has at least one right-angled
vertex; a plurality of microstructures are distributed on the
surface of the substrate, that 1s, the plurality of cubic
structures are distributed on the surface of the substrate; and
the right-angled vertex corresponding to the cubic structure
1s located on a side close to the surface of the substrate or on
a side away from the surface of the substrate, that is, there
are a plurality of right-angled vertex protrusions evenly
distributed on the surface of the substrate.

For example, 1n the head-up display device according to
some embodiments of the present disclosure, the retlective
microstructure 3010 adopts a triangular pyramid structure
having an equilateral-triangular cross section; the triangular
pyramid structure 1s composed of three right-angled 1sosce-
les triangles perpendicular to each other pairwise; a section
the triangular pyramid structure composed 1s an equilateral
triangle, wherein, the three right-angled 1sosceles triangles
are three reflective surfaces:

For example, referring to FIG. 11, FIG. 11 1s a schematic
diagram of a light path of a triangular pyramid structure
having an equilateral-triangular cross section; the triangular
pyramid structure 1s a hollow concave structure; incident
light 1s 1incident on the retro-retlective element; because the
triangular pyramid structure 1s a hollow concave structure,
the incident light directly enters the inside of the triangular
pyramid structure, 1s sequentially reflected by three reflec-
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tive surfaces of the triangular pyramid structure, and then 1s
reflected 1n a direction opposite to an 1ncident direction of
the incident light, so that the retro-reflective element allows
the light to be exited in the direction opposite to the incident
direction of the incident light.

The triangular pyramid structure having an equilateral-
triangular cross section may be, but is not limited to, a
hollow concave structure; and for example, a highly reflec-
tive layer 1s coated on the three retlective surfaces 1nside the
triangular pyramid structure (1.e., the mner surfaces of the
triangular pyramid structure that are closer to the diflusin
clement 300), to improve retlective efliciency of light.

FIG. 10 1s a structural schematic diagram formed by
regular permutation and combination of six of the above-
described triangular pyramid structures; a cross section of
the structure 1s a regular hexagonal honeycomb structure;
such a structure has high reflective efliciency with respect to
incident light; and when the incident light 1s perpendicular
to a section of a triangular pyramid structure therein, reflec-
tive efliciency of the incident light reaches the highest.

For example, the structure shown i FIG. 10 includes six
of the above-described triangular pyramid structures having
an equilateral-triangular cross section. For example, as
shown 1n FIG. 10, in the case where the above-described
triangular pyramid structure having an equilateral-triangular
cross section 1s implemented as a structure with a solid
center, surfaces of the six triangular pyramid structures that
have an equilateral-triangular shape are located on a same
plane, and the surfaces the six triangular pyramid structures
that have an equilateral-triangular shape are arranged in a
regular hexagon. For example, in the case where the retro-
reflective element 301 further includes a substrate 3011, the
surfaces of the above-described six solid triangular pyramid
structures that have an equilateral-triangular shape are all
parallel to the surface of the substrate 3011 (e.g., they are all
in direct contact with the surface of the substrate 3011). In
an example, the above-described six solid triangular pyra-
mid structures are located on a surface of the substrate 3011
that 1s away from the diffusing element 300; for example, in
the case where the retro-retlective element 301 further
includes a retlective layer, the reflective layer 1s located on
a surface of a side of the structure composed of the six solid
triangular pyramid structures that 1s away from the substrate
3011.

For example, in the case where the above-described
triangular pyramid structure having an equilateral-triangular
cross section 1s implemented as a hollow concave structure,
for example, the six triangular pyramid structures are
arranged 1n a similar manner, and no details will be repeated
here.

For example, 1n the head-up display device according to
some embodiments of the present disclosure, the retlective
microstructure 3010 according to some embodiments of the
present disclosure adopts a triangular pyramid structure
having an equilateral-triangular cross section; the triangular
pyramid structure 1s composed of three right-angled 1sosce-
les triangles perpendicular to each other pairwise; and a
section of the triangular pyramid structure composed 1s an
equilateral triangle, wherein, the three right-angled 1sosceles
triangles are three reflective surfaces.

For example, referring to FIG. 12, FIG. 12 1s a schematic
diagram of a light path of a triangular pyramid structure
having an equilateral-triangular cross section; the triangular
pyramid structure 1s a structure with a solid center, and a
material of the structure with the solid center comprises a
transparent material; mcident light 1s incident on the retro-
reflective element; because the triangular pyramid structure

10

15

20

25

30

35

40

45

50

55

60

65

16

1s a structure with a solid center, the incident light 1is
refracted into the triangular pyramid structure, 1s sequen-
tially reflected by three reflective surfaces of the triangular
pyramid structure, and finally 1s refracted out by the trian-
gular pyramid structure; and the light refracted out 1s exited
in a direction opposite to an incident direction of the incident
light, so that the retro-retlective element allows light to be
exited 1n the opposite direction of the mcident direction of
the 1incident light.

In some embodiments of the present disclosure, by con-
trolling a refractive index of the structure with a solid center,
for example, light 1s totally reflected on the reflective
surfaces 1nside, and a plurality of total reflections are used
to implement highly-eflicient reflection.

The above-described trnangular pyramid structure having
an equilateral-triangular cross section may be, but 1s not
limited to, a triangular pyramid structure having an equilat-
cral-triangular cross section; a highly reflective layer is
coated on the three reflective surfaces of the solid transpar-
ent structure (e.g., outer surfaces of the trnangular pyramid
structure that are further away from the diflusing element
300), to improve retlective efliciency of light.

For example, 1n the head-up display device according to
some embodiments of the present disclosure, the retlective
microstructure 3010 according to some embodiments of the
present disclosure adopts a triangular pyramid structure
having an 1sosceles-triangular cross section; a section (a
plane parallel to a plane determined by three hypotenuses of
three night-angled triangles perpendicular to each other
pairwise) of the triangular pyramid structure i1s an 1sosceles
triangle, wherein, the three faces constituting the triangular
pyramid structure are reflective surfaces.

For example, referring to FIG. 22, FIG. 22 1s a schematic
diagram of a light path of a triangular pyramid structure
having an 1sosceles-triangular cross section; the triangular
pyramid structure 1s a hollow concave structure; the incident
light 1s 1incident on the retro-retlective element; because the
triangular pyramid structure 1s a hollow concave structure,
the incident light directly enters the inside of the triangular
pyramid structure, 1s sequentially reflected by the three
reflective surfaces of the triangular pyramid structure, and
then 1s reflected out 1n a direction opposite to an incident
direction of the incident light, so that the retro-reflective
clement allows light to be exited 1n the opposite direction of
the 1incident direction of the incident light.

For example, the above-described triangular pyramid
structure having an 1sosceles-triangular cross section may
be, but 1s not limited to, a hollow concave structure; for
example, a highly reflective layer i1s coated on the three
reflective surfaces inside the triangular pyramid structure, to
improve reflective efliciency of light. For example, referring
to FIG. 21, it 1s a structural schematic diagram formed by
regular permutation and combination of six of the above-
described triangular pyramid structures; such a structure has
high retlective efliciency with respect to incident light; and
in the case where the incident light 1s perpendicular to a
section of a triangular pyramid structure therein, retlective
elliciency of light reaches the highest.

For example, the structure shown 1n FIG. 21 includes six
of above-described triangular pyramid structures whose
cross sections are 1sosceles triangles (non-right triangles).
For example, as shown in FIG. 10, in the case where the
above-described triangular pyramid structure whose cross
section 1s an 1sosceles triangle (non-right triangle) 1s 1mple-
mented as a structure with a solid center, surfaces of the six
triangular pyramid structures that have a shape of an 1s0s-
celes triangle (non-right triangle) are located on a same
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plane; and the surfaces of the six triangular pyramid struc-
tures that have a shape of an isosceles triangle (non-right
triangle) are arranged into a hexagon. For example, i the
case where the triangular pyramid structure whose cross
section 1s an 1sosceles triangle (non-right triangle) 1s 1mple-
mented as a hollow concave structure, for example, the six
triangular pyramid structures whose cross sections are 150s-
celes triangles (non-right triangles) are arranged 1n a similar
manner, an no details will be repeated here.

For example, 1n the head-up display device according to
some embodiments of the present disclosure, the retlective
microstructure 3010 according to some embodiments of the
present disclosure adopts a triangular pyramid structure
having an 1sosceles-triangular cross section; a section of the
triangular pyramid structure 1s an 1sosceles triangle, and
three faces constituting the triangular pyramid structure are
reflective surfaces.

For example, referring to FIG. 23, FIG. 23 1s a schematic
diagram of a light path of a triangular pyramid structure
having an isosceles-triangular cross section; the triangular
pyramid structure 1s a structure with a solid center, and a
material of the structure with the solid center comprises a
transparent material; incident light 1s 1mncident on the retro-
reflective element; because the triangular pyramid structure
1s a structure with a solid center, the incident light is
refracted into the triangular pyramid structure, 1s sequen-
tially retlected by the three reflective surfaces of the trian-
gular pyramid structure, and finally 1s refracted out by the
triangular pyramid structure; the light refracted out 1s exited
in a direction opposite to an incident direction of the incident
light, so that the retro-retlective element allows light to be
exited 1n the opposite direction of the mcident direction of
the 1incident light.

For example, the above-described triangular pyramid
structure having an 1sosceles-triangular cross section may
be, but 1s not limited to, a solid transparent structure; for
example, a highly reflective layer i1s coated on the three
reflective surfaces of the solid transparent structure, to
improve retlective efliciency of light.

For example, 1n the head-up display device according to
some embodiments of the present disclosure, the reflective
microstructure 3010 according to some embodiments of the
present disclosure adopts a cubic structure having a rectan-
gular cross section; the cubic structure includes three retlec-
tive surfaces perpendicular to each other; referring to FIG.
13, FIG. 13 15 a schematic diagram of a light path of a cubic
structure having a rectangular cross section; the cubic struc-
ture 1s a hollow concave structure; incident light 1s incident
on the retro-reflective element; because the cubic structure 1s
a hollow concave structure, the incident light directly enters
the inside of the cubic structure, 1s sequentially reflected by
the three reflective surfaces of the cubic structure, and then
1s exited 1n a direction opposite to an incident direction of
the incident light, so that the retro-reflective element allows
light to be exited 1n the direction opposite to the incident
direction of the incident light. For example, the above-
described cubic structure having a rectangular cross section
may be, but 1s not limited to, a hollow concave structure; for
example, a highly reflective layer i1s coated on the three
reflective surfaces of the cubic structure, to improve reflec-
tive efliciency of light.

For example, referring to FIG. 14, FIG. 14 1s a top view
ol a structure formed by regular permutation and combina-
tion of a plurality of cubic structures; such a structure has
high reflective efliciency with respect to incident light; and
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in the case where the incident light 1s perpendicular to the
section of a cubic structure therein, reflective efliciency of
light reaches the highest.

For example, in the head-up display device according to
some embodiments of the present disclosure, the reflective
microstructure 3010 according to some embodiments of the
present disclosure adopts a cubic structure having a rectan-
gular cross section; the cubic structure includes three retlec-
tive surfaces perpendicular to each other; referring to FIG.
15, FIG. 15 15 a schematic diagram of a light path of a cubic
structure having a rectangular cross section; the cubic struc-
ture 1S a structure with a solid center, and a material of the
structure with the solid center comprises a transparent
maternial; incident light 1s incident on the retro-reflective
element; because the cubic structure 1s a structure with a
solid center, the incident light 1s refracted into the cubic
structure, 1s sequentially reflected by the three reflective
surfaces of the cubic structure, and finally 1s refracted out by
the cubic structure; the light refracted out 1s exited 1 a
direction opposite to an incident direction of the incident
light, so that the retro-retlective element allows light to be
exited 1n the opposite direction of the imncident direction of
the mcident light. For example, the above-described cubic
structure having a rectangular cross section may be, but 1s
not limited to, a solid transparent structure; for example, a
highly reflective layer 1s coated on the three reflective
surfaces of the solid transparent structure, to improve reflec-
tive efliciency of light.

For example, in the head-up display device according to
some embodiments of the present disclosure, a reflective
layer 1s provided between the reflective microstructure 3010
and the substrate 3011; the reflective layer and the reflective
microstructure 3010 are integrally formed, or the reflective
layer and the substrate 3011 are integrally formed, or the
reflective layer 1s separately present between the reflective
microstructure 3010 and the substrate 3011; the reflective
layer plays a role 1n efliciently reflecting out light incident
into the spherical structure; for example, the retlective layer
1s a reflective layer having high reflectance; the retlectance
of the reflective layer ranges from 350% to 95%. For
example, the above-described reflective microstructure 3010
adopts a spherical structure; the spherical structure adopts a
structure with a solid center, and a material of the structure
with the solid center comprises a transparent material;
referring to FIG. 16, FIG. 16 1s a schematic diagram of a
light path of a spherical structure; incident light 1s incident
on the retro-reflective element; because the spherical struc-
ture 1s a structure with a solid center, the incident light 1s
refracted into the spherical structure at point P on the
spherical structure, 1s reflected by the reflective layer
between the spherical structure and the substrate, specifi-
cally, reflected at focal point O; the retlected light finally
passes through point O on the spherical structure and 1s
refracted out; the refracted light 1s exited in a direction
opposite to an incident direction of the original incident light
so that the retro-reflective element allows light to be exited
in the opposite direction of the incident direction of the
incident light. Specifically, as to focal point O, the incident
light will converge 1n a small region after being refracted
into the spherical structure and then reflected, and the small
region 1s just point O.

Heremalter, an example of the retro-reflective element
having a spherical structure will be exemplarily described.

For example, 1n the head-up display device according to
some embodiments of the present disclosure, the microstruc-
tures adopting a spherical structure may be directly arranged
on the substrate of the retro-reflective element; the micro-
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structure adopting the spherical structure 1s directly 1n
contact with the air; and there 1s no protective film above the
microstructure, referring to FIG. 16, incident light directly
passes through the microstructure; the incident light 1s
refracted into the spherical structure at point P on the
microstructure of the spherical structure, and 1s reflected by
the reflective layer between the spherical structure and the
substrate, specifically, reflected at focal pomnt O; the
reflected light 1s finally refracted out after passing through
point Q on the spherical structure; the refracted light 1s
exited 1n a direction opposite to an incident direction of the
original incident light; the incident light 1s directly refracted
by the spherical microstructure, focused and then reflected;
the reflected light 1s exited 1n the opposite direction of the
incident light, which results 1n least energy loss, and highest
reflective intensity of light.

In some embodiments of the present disclosure, 1n order
to 1mprove reflective efliciency of light, a metal reflective
layer 1s coated on an outer surface of the microstructure of
the spherical structure; and the metal reflective layer can
highly etliciently reflect light incident into the spherical
structure at point O.

Hereinafter, another example of the retro-retlective ele-
ment having a spherical structure will be exemplarily
described in conjunction with FIG. 17.

For example, 1n the head-up display device according to
some embodiments of the present disclosure, the retro-
reflective element includes a substrate and a plurality of
microstructures distributed on a surface of the substrate; 1n
some embodiments of the present disclosure, the retro-
reflective element includes a first substrate and a first
convergent layer; the first convergent layer 1s arranged on
the first substrate, wheremn, the first convergent layer
includes a retlective layer and a transparent material; the
transparent material 1s arranged above the retlective layer;
and the above-described plurality of microstructures are
arranged 1nside the transparent material; the plurality of
spherical microstructures arranged inside the transparent
material are diflusing elements that uses the reflective layer
to reflect the incident light in a direction opposite to an
incident direction back to the top of the retro-reflective
clement.

For example, referring to FIG. 17, 1n some embodiments
of the present disclosure, the retro-reflective element 6 1s
provided with a transparent material 600, a reflective layer
601, and a first substrate along a light incident direction
sequentially from top to bottom; the first substrate includes
a back paper 603 and back glue 602 arranged above the back
paper; the back glue 1s used for mounting; an upper surface
of the back glue 602 1s attached to the reflective layer 601;
a plurality of first microstructures 604 adopting spherical
structures are arranged inside the transparent material 600;
light 1s incident on the first microstructure 604 and then will
be transmitted through the first microstructure 604 to be
incident on the retlective layer 601; the retflective layer 601
reflects the incident light back to the first microstructure
604; and the first microstructure 604 reflects the light back
to the diffusing element 1n a direction opposite to an incident
direction. In some embodiments of the present disclosure,
the retro-reflective element 6 may also be referred to as an
embedded retro-reflective element. For example, as com-
pared with the first substrate, the transparent material 600
and the microstructure 604 are closer to the diffusing ele-
ment.

For example, the above-described transparent material
600 1s made of a transparent resin material. The microstruc-
tures adopting spherical structures are not uniform in size;
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the microstructures adopting spherical structures with dif-
ferent sizes are directly embedded in the transparent resin
material; because sizes of the spherical structures are not
completely uniform, distances between the spherical struc-
tures and the reflective layer 601 are not umiform; 1n the case
where light passes through the spherical structure, it cannot
guarantee a focal point of a spherical structure to exactly fall
on the retlective layer behind, at this time, the retlected light
cannot pass through the spherical structure again to return to
the image source. For example, the above-described spheri-
cal structure 1s an elliptical spherical structure or a circular
spherical structure.

Hereinatter, another example of the retro-retlective ele-
ment having a spherical structure will be exemplarily
described 1n conjunction with FIG. 18.

For example, in the head-up display device according to
some embodiments of the present disclosure, the retro-
reflective element includes a substrate and a plurality of
microstructures distributed on a surface of the substrate; in
some embodiments of the present disclosure, referring to
FIG. 18, the retro-reflective element 7 according to some
embodiments of the present disclosure includes a second
substrate and a second convergent layer; the second con-
vergent layer 1s arranged on the second substrate; the second
substrate includes a back paper 702 and back glue 701
arranged on the back paper 702; the back glue 701 1is
attached to the second convergent layer; the second conver-
gent layer includes a fixing layer 700 and a second micro-
structure 705; the second microstructure 705 1s arranged on
a surface of the fixing layer 700; and a side of the fixing layer
700 that 1s away from the second microstructure 705 1is
attached to the back glue 701; 1n some embodiments of the
present disclosure, the microstructure adopts a microstruc-
ture having a retlective surface; for example, the reflective
surface 1s a portion of a surface of the microstructure that
reflects mcident light; in some embodiments of the present
disclosure, the retro-reflective element 7 may also be
referred to as a sealed retro-reflective element.

For example, in some embodiments of the present dis-
closure, 1n order to protect the microstructure arranged 1n the
second convergent layer, the retro-reflective element turther
includes a transparent cover layer 706; the transparent cover
layer 706 1s arranged on the second convergent layer; a first
1solating layer 704 1s formed 1n a gap between a side of the
second microstructure 705 that 1s away from the fixing layer
700 and the transparent cover layer 706; a refractive index
of the first i1solating layer 704 1s smaller than refractive
indexes of the transparent cover layer, the fixing layer and
the microstructure; 1n order to make the refractive index of
the first 1solating layer 704 smaller than the refractive
indexes of the transparent cover layer, the fixing layer and
the microstructure, for example, no medium 1s used 1n the
first 1solating layer, then the first 1solating layer 704 has an
air layer therein; for example, the first 1solating layer 1s filled
with aerogel with a refractive index very close to that of the
air, which may also make the refractive index of the first
1solating layer smaller than the refractive indexes of the
transparent cover layer, the fixing layer and the microstruc-
ture. For example, as compared with the second substrate,
the transparent cover layer 706 and the second microstruc-
ture 7035 are closer to the diffusing element.

The above-described second convergent layer includes a
fixing layer 700 and a second microstructure 705; the second
microstructure 705 1s arranged on a surface of the fixing
layer 700; the fixing layer 700 has a plurality of concave
portions; each concave portion in the plurality of concave
portions may have at least one second microstructure 703
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placed; 1n the fixing layer 700, in order to distinguish
different concave portions, for example, the respective con-
cave portions are spaced apart by a convex portion 703; and
the convex portion 703 1s used to support the transparent
cover 706.

For example, 1n some embodiments of the present dis-
closure, the microstructure adopts a microstructure having a
reflective surface; for example, a reflective material 1s
directly coated on the spherical structure, so that a focal
point 1s controlled to fall on an outer surface of the spherical
structure, which ensures that light refracted from the spheri-
cal structure to an outer surface thereof may all return to the
spherical structure. To this end, an eflective refractive index
can be guaranteed when light enters the spherical structure
from the first 1solating layer. For example, the reflective
material 1s provided at least on a portion of the outer surface
of the spherical structure that 1s closer to the concave
portion. For example, in a direction perpendicular to the
second substrate, the reflective material 1s at least located
between the spherical structure and the concave portion. For
example, the spherical structure 1s solid.

For example, the above-described fixing layer 700 1s
made of resin; and for example, the transparent cover layer
706 1s made of transparent resin.

For example, the above-described spherical structure 1s an
elliptical spherical structure or a circular spherical structure.

For example, the transtlective device of the head-up
display device provided by some embodiments of the pres-
ent disclosure will be exemplified below.

For example, a surface of the transilective device 1s a
free-form surface; the image source emits light for forming
an 1mage; the light 1s incident on the free-form surface of the
transtlective device; the free-form surface reflects the light
incident thereon; the reflected light 1s 1ncident on the retro-
reflective element; the diflusing element emits the light
incident thereon to the retro-reflective element; the retro-
reflective element reflects the light incident thereon 1n a
direction opposite to an incident direction; the reflected light
reaches the diffusing element again; the diffusing element
diffuses the light incident thereon to form a beam of a certain
shape; and the formed beam of a certain shape reaches the
free-form surface of the transtlective device and 1s retlected
again, finally forming a virtual image.

For another example, the surface of the transflective
device 1s a flat surface; the image source emits light for
forming an 1image; the light 1s incident on the flat surface of
the transflective device; the flat surface reflects the light
incident thereon; the reflected light 1s incident on the light
control device; the diflusing element emaits the light incident
thereon to the retro-reflective element; the retro-reflective
clement retlects the light incident thereon 1n a direction
opposite to an icident direction; the reflected light reaches
the diffusing element again, and the diffusing element dif-
tuses the light incident thereon to form a beam of a certain
shape; and the formed beam of a certain shape reaches the
flat surface of the transflective device and 1s reflected again,
finally forming a virtual 1image.

For example, the head-up display device provided by
some embodiments of the present disclosure will be exem-
plarily described below 1n conjunction with FIG. 19.

In the case where the head-up display device provided by
some embodiments of the present disclosure 1s used 1n a
transportation tool having a windshield, referring to FIG. 19,
the 1mage source 1 adopts a projecting device; the transtlec-
tive device 2 adopts a windshield of a transportation tool; the
windshield 1s provided thereon with a transtlective film; the
transtlective film 1s used to improve retlectance and trans-
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mittance of light; wherein, a positional relationship among
the projecting device, the windshield 1n the transportation
tool, and the light control device 1s that: a side of the
projecting device that projects light faces the windshield of
the transportation tool, the light control device 1s arranged
below the windshield of the transportation tool, for example,
a surface of a dashboard of the transportation tool; specifi-
cally, the projecting device 1s arranged on the top of the
transportation tool when used in the transportation tool
having a windshield, a side of the projecting device that
emits light faces a front windshield of the transportation
tool, and the light control device 1s arranged below the
transtlective device.

The light control device 3 includes a retro-retlective
clement 301 and a diffusing element 300; the diffusing
clement 300 1s arranged above the retro-retlective element
301; light incident on the light control device 3 firstly
reaches the diffusing element 300, then passes through the
diffusing element 300, and then reaches the retro-reflective
clement 301; the retro-reflective element 301 1s configured
to reflect the light incident thereon 1n a direction opposite to
an icident direction; the diffusing element 300 1s configured
to diffuse the light incident thereon, and the light 1s diffused
by the diffusing element to form a beam of a certain shape
(a dashed line 1n the diagram represents the diffused beam).

In the case where the head-up display device 1s operating,
the projecting device emits light for forming an 1mage; the
light 1s incident on the windshield and 1s subjected for a first
reflection by the windshield (the first reflection refers to
reflection for a first time relative to the windshield per se);
the retlected light reaches the light control device; and the
light that reaches the light control device firstly reaches the
diffusing element 300, passes through the diffusing element
300, and then 1s incident on the retro-reflective element; the
retro-reflective element allows the light incident thereon to
be exited 1n a direction opposite to an incident direction; the
emergent light reaches the above diffusing element 300
again; the diffusing element 300 diffuses the light incident
thereon to form a beam having a certain shape; the beam
having a certain shape reaches the windshield; the beam
incident on the windshield 1s subjected to a second reflection
by the windshield (the second reflection refers to reflection
for a second time relative to the windshield per se) to form
a virtual 1image, the reflected light 1s 1incident into a preset
region; and a driver may observe large-sized 1mage infor-
mation within an eye box during driving.

The above-described projecting device includes a project-
ing light source, an 1mage generating unit, and a lens
portion; the projecting light source emits light, which 1s
converted mto 1image light by the image generating unit; the
image light 1s then emergent through the lens portion to form
projection light; the projecting device includes a liquid
crystal display (LCD) projecting device and a Digital Light
Processing (DLP) device; the projecting light source emits
light, and 1s for example a gas discharge light source,
including an ultra-high pressure mercury lamp, a short-arc
xenon lamp, and a metal halide lamp; the projecting light
source 1s for example an electroluminescent light source, for
example, a Light Emitting Diode (LED) light source; the
projecting light source 1s for example a laser light source; the
image generating unit converts light into 1image light, and,
for example, specifically be a Liquid Crystal Display (LCD)
or a Digital Micromirror Device (DMD). The lens portion
emits projection light; 1image light passes through the lens
portion and then forms projection light, and the projection
light 1s projected on a screen to form a real 1mage. The lens
portion includes a convex lens or an equivalent lens group
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that functions similarly to the convex lens, for example, a
combination of a convex lens, a concave lens, and a Fresnel
lens. For example, the projecting device 1s specifically be a
wide-angle or ultra-wide-angle projecting device, which
may project a large-sized image; and combined with a
large-sized light control device, the head-up display device
may display a large-sized image.

For example, the head-up display device provided by
some embodiments of the present disclosure will be exem-
plarily described below 1n conjunction with FIG. 20.

In the case where the head-up display device provided by
some embodiments of the present disclosure 1s used 1n a
transportation tool having a windshield, referring to FIG. 20,
the 1mage source 1 adopts a projecting device; the transflec-
tive device 2 adopts a windshield of a transportation tool; the
windshield 1s provided thereon with a transflective film; the
transtlective film 1s used to improve retlectance and trans-
mittance of light; wherein, a positional relationship among
the projecting device, the windshield in the transportation
tool, and the light control device 1s that: a side of the
projecting device that projects light faces the windshield of
the transportation tool, the light control device 1s arranged
below the windshield of the transportation tool, for example,
a surface of a dashboard of the transportation tool; specifi-
cally, the projecting device 1s arranged on the top of the
transportation tool when used in the transportation tool
having a windshield, a side of the projecting device that
emits light faces a front windshield of the transportation
tool, and the light control device 1s arranged below the
transtlective device.

The light control device 3 includes a retro-reflective
clement 301 and a diffusing element 300; the diffusing
clement 300 1s arranged above the retro-reflective element
301; light incident on the light control device 3 firstly
reaches the diflusing element 300, then passes through the
diffusing element 300, and then reaches the retro-reflective
clement 301; the retro-reflective element 301 1s configured
to retlect the light incident thereon 1n a direction opposite to
an mcident direction; the diffusing element 300 1s configured
to diffuse the light incident thereon, and the light 1s diffused
by the diffusing element to form two beams of a certain
shape (a dashed line 1n the diagram represents the light of the
diffused two beam).

A specific light path 1s as shown 1n FIG. 24; a multi-beam
diffusing element 1s used; the multi-beam diffusing element
can diffuse light incident thereon into two beams having a
certain shape; the multi-beam diflusing element includes a
light diffusing layer 3000 and a light orientating layer 3001;
the light orientating layer 3001 1s configured to emit light in
a plurality of different directions, and the light diffusing
layer 3000 1s configured to diffuse light from a plurality of
different directions 1nto a plurality of beams.

Firstly, the projecting device emits light for forming an
image; the light reaches the windshield and 1s reflected by
the windshield; the reflected light A reflected by the wind-
shield or the transflective device reaches the multi-beam
diffusing element; the retlected light A passing through the
multi-beam diffusing element becomes approximately ver-
tical light B (for example, perpendicular to the substrate of
the retro-retlective element 301 or perpendicular to an
arrangement surface ol the microstructure of the retro-
reflective element 301); the light B 1s incident on the
retro-reflective element and 1s allowed to be emitted by the
retro-reflective element 1n a direction opposite to an incident
direction of the incident light (here, the incident light refers
to the light B); emergent light C 1s still approximately
vertical, the emergent light C 1s incident from the light
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orientating layer, passes through the light orientating layer
and the light diffusing layer; and finally the light emaitted
from the multi-beam diffusing element 1s separated into two

T 1

beams, whose main optical axes are respectively D and E,
the beam with the main chief light (optical axis) D 1s
reflected by the windshield and then covers the eye box, and
the beam with the main chief light E 1s reflected by the
windshield and then covers the projecting device; specifi-
cally referring to FIG. 20, the multi-beam diffusing element
according to some embodiments of the present disclosure 1s
used, the multi-beam diflusing element may diffuse and
form two beams, one of which may cover the eye box after
being reflected, and the other may cover the projecting
device after being reflected; based on the above-described
embodiment, when the multi-beam diffusing element 1is
used, a position of the projecting device 1s further limited
below: a direction of the main chief light E of the beam
diffused by the multi-beam diffusing element 1s parallel to a
direction of the above-described reflected light A, and the
main chief light of the light reflected by the windshield 1s
parallel to the light emitted by the projecting device. As
compared with the embodiment of diffusing a single beam,
when the multi-beam diffusing element 1s used, the light wall
not be incident to a position between the prcgectmg device
and the eye box, which may further improve light efliciency;
for example, the above-described embodiment 1mplement
large-sized full-window HUD displaying.

In the case where the head-up display device 1s operating,
the projecting device emits light for forming an 1mage; the
light 1s incident on the windshield and 1s subject to a first
reflection by the windshield (the first reflection refers to
reflection for a first time relative to the windshield per se);
the retlected light reaches the light control device; and the
light that reaches the light control device firstly reaches the
diffusing element 300, passes through the diffusing element
300, and then 1s incident on the retro-reflective element; the
retro-reflective element allows the light incident thereon
emergent 1n a direction opposite to an incident direction; the
emergent light reaches the above diffusing element 300
again; the diffusing element 300 diffuses the light incident
thereon to form two beams having a certain shape; the beams
having a certain shape reach the windshield; the beams
incident on the windshield are subjected to a second retlec-
tion by the windshield (the second reflection refers to
reflection for a second time relative to the windshield per se)
to form a virtual image, and the reflected light 1s incidented
into two regions, one of which is a preset region; and a driver
may observe large-sized 1mage information within an eye
box during driving. The device can etliciently utilize pro-
jection light, can form a large FOV image outside the
windshield, and can form a large-sized, high-definition,
high-brightness 1image with low power consumption, which
greatly improves the HUD experience.

The above-described projecting device includes a project-
ing light source, a mage generating unit, and a lens portion;
the projecting light source emits light, which 1s converted
into 1image light by the image generating unit; the 1mage
light then passes through the lens portion and 1s exited from
the lens portion to form projection light; the projecting
device includes an LCD projecting device and a DLP device;
the projecting light source emits light, and 1s a gas discharge
light source, including an ultra-high pressure mercury lamp,
a short-arc xenon lamp, and a metal halide lamp; the
projecting light source 1s an electroluminescent light source,
for example, an Light Emitting Diode (LED) light source;
the projecting light source 1s a laser light source; the image
generating unit converts light into image light, and, for
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example, 1s an Liquid Crystal Display (LCD) or a Digital
Micromirror Device (DMD). The lens portion emits projec-
tion light; the image light passes through the lens portion to
form projection light, and the projection light may form a
real image after being projected on a screen. The lens portion
includes a convex lens or an equivalent lens group that
functions similarly to the convex lens, for example, a
combination of a convex lens, a concave lens and a Fresnel
lens.

For example, with respect to the head-up display device
according to some embodiments of the present disclosure,
when the retlective microstructure 3010 in the retro-reflec-
tive element 301 adopts a spatial structure composed of
three faces perpendicular to each other pairwise, and the
spatial structure 1s a structure with a solid center, and a
material of the structure with the solid center comprises a
transparent material; or when the reflective microstructure
3010 1 the retro-reflective element 301 i1s a spherical
microstructure and the spherical microstructure 1s a structure
with a solid center, and a material of the structure with the
solid center comprises a transparent material, the retro-
reflective element 301 needs to be designed accordingly.

One example of the retro-retlective element 301 provided

by some embodiments of the present disclosure will be
exemplarily described below in conjunction with FIG. 25
and FIG. 26.

For example, reterring to FIG. 25, the retro-reflective
clement 301 includes a substrate 3011 and a plurality of
reflective microstructures 3010 distributed on a surface of
the substrate 3011; the plurality of reflective microstructures
3010 are evenly distributed on the surface of the substrate
3011; the reflective microstructures 3010 may reflect the
light incident thereon 1n a direction opposite to an icident
direction; a concave portion 1s formed between the plurality
of reflective microstructures 3010; a filler 3012 1s provided
in the concave portion; the above-described filler 3012
serves as a support; 1 the case where the retro-retlective
clement 301 provided with the filler 3012 1s connected with
an external element, 1t may ensure the reflective microstruc-
ture 3010 in the retro-reflective element 301 not to be
damaged by compression, so that the retro-retlective ele-
ment having the reflective microstructure has expandability
in application. For example, the filler 3012 1s made of
materials below: rubber filler, plastic filler, polymer filler, or
others.

In an example, the above-described reflective microstruc-
ture 3010 per se has a reflective surface; and the reflective
surface allows the reflective microstructure 3010 to reflect
light incident thereon 1n a direction opposite to an incident
direction. For example, the reflective surface of the above-
described retlective microstructure 3010 per se refers to a
surface where the reflective microstructure 3010 1s in con-
tact with the filler 3012, that 1s, the reflective surface of the
reflective microstructure 3010 per se refers to an interface
between the reflective microstructure 3010 and the filler
3012.

In another example, referring to FIG. 26, a reflective layer
3013 1s provided on the reflective surface of the reflective
microstructure 3010; the reflective layer 3013 1s located
between the retlective microstructure 3010 and the filler
3012; the reflective layer 3013 has higher reflectance with
respect to light; in the case where light 1s incident on the
retro-reflective element 301, the light 1s efliciently reflected
alter reaching the retlective layer 3013, so that the retro-
reflective element 301 has high reflectance with respect to
the light.
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For example, the reflective layer 3013 on the reflective
surface of the retlective microstructure 3010 has high reflec-
tance with respect to light; for example, the reflectance of
the retlective layer 3013 1s up to 60%, 70%, 80%, 90%., or
more.

For example, the reflectance of the retlective layer 3013
with respect to light may even reaches 95%.

One example of the reflective layer 3013 provided by
some embodiments of the present disclosure will be exem-
plarily described below 1n conjunction with FIG. 27.

For example, 1n the head-up display device according to
some embodiments of the present disclosure, referring to
FIG. 26, a reflective layer 3013 1s provided on the reflective
surface of the reflective microstructure 3010; and the reflec-
tive layer 3013 1s located between the reflective microstruc-
ture 3010 and the filler 3012; the retlective layer 3013 has
high reflectance with respect to light; in the case where light
1s 1ncident on the retro-retlective element 301, the light
reaches the reflective layer 3013 and 1s efliciently reflected,
so that the retro-reflective element 301 has high reflectance
with respect to the light.

A specific implementation mode of the reflective layer
3013 according to some embodiments of the present disclo-
sure 15 that: the reflective layer 3013 1s formed by stacking
films; respective films have a refractive index property; the
reflective layer 3013 includes at least some of the stacked
films; refractive indexes between adjacent films 1n the part
of stacked films present a high and low distribution pattern,
and the part of stacked films include at least a pair of
adjacent films whose refractive indexes present a high and
low distribution pattern.

For example, referring to FIG. 27, the reflective layer
3013 1s formed by stacking films; along an incident direction
of light, all stacked films sequentially include a first film m,,
a second film m,, a third film m,, a fourth film m,, . . . an
(n—1)th film m__, and nth film m, , the retflective layer 3013
includes at least some of the stacked films; these stacked
films are only a part of all the stacked films; refractive
indexes between adjacent films 1n the part of stacked films
present a high and low distribution pattern, and the part of
stacked films include at least a pair of adjacent films whose
refractive indexes present a high and low distribution pat-
tern. Therefore, 1n the n-layer stacked films, there are some
stacked films, of which adjacent films have refractive
indexes distributed 1n a high and low pattern; the part of
stacked films may include 5 pairs of adjacent films whose
refractive indexes present a high and low distribution pattern
(1n the part of stacked films, the number of pairs of adjacent
films whose refractive indexes present a high and low
distribution pattern may be, but 1s not limited to 5), the 5
pairs ol adjacent films whose refractive mdexes present a
high and low distribution pattern may be: an (n—-10)th film
m,__,toan (n—1)th film m,__,, where, a refractive index of the
(n-10)th film m,_,, 1s higher than a retractive index of an
(n—9)th film m,_,, a refractive index of an (n—-8)th film m___,
1s higher than a refractive index of an (n-7)th film m__-, a
refractive index of an (n—-6)th film m__. 1s

higher than a
refractive index of an (n—5)th film m, ., a refractive index of
an (n—4)th film m,__, 1s lugher than a refractive index of an
(n—3)th film m__;, and a refractive index of an (n-2)th {ilm
m, , 1s higher than a refractive index of an (n-1)th filmm__,
(positions of the part of stacked films 1n all the stacked films
may be, but are not limited thereto). In practical application,
the larger the number of pairs of adjacent films whose
refractive indexes present a high and low distribution pattern
in the part of stacked films, the higher the final reflectance

of the reflective layer 3013 with respect to light, and the
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higher the reflectance of the optical element with respect to
light. The number of pairs of adjacent films whose refractive
indexes present a high and low distribution pattern 1n the
part of stacked films may be, but 1s not limited to 30; the
number of pairs of adjacent films whose refractive indexes
presents a high and low distribution pattern in the part of
stacked films may range from 5 to 100; in the case where the
number of pairs of adjacent films whose refractive indexes
present a high and low distribution pattern in the part of
stacked films ranges from 20 to 30, the reflective layer has
high retlective etliciency with respect to light so that the
optical element has extremely high retlective efliciency with
respect to light.

The above-described reflective layer 3013 1s formed by
stacking film films, and refractive indexes of the films have
no less than two types. In the case where the refractive
indexes 1n the reflective layer 3013 include two types, the
refractive imndex of the (n-10)th film m,_,,, the refractive
index of the (n-8)th film m, _,, the refractive index of the
(n—6)th film m__., the refractive index of the (n-4)th film
m, _,, and the refractive index of the (n-2)th film m,_, are all
the same; the refractive index of the (n-9)th film m,_,, the
refractive index of the (n-7)th film m,__-, the refractive index
of the (n-5)th film m,_., the refractive index of the (n-3)th
film m,__,, and the refractive index of the (n—1)th film m,_,
are all the same; and the refractive index of the (n—10)th film
m,_,, 1S unequal to the refractive index of the (n-9)th film
m, .

In the case where the refractive indexes 1n the reflective
layer 3013 have more than two types, it 1s to satisiy
conditions below: from to the (n-10)th film m,__,, to the
(n—1)th film m,__,, the refractive index of the (n-10)th film
m, ,, 1s higher than the refractive index of the (n-9)th film
m, o, the refractive mdex of the (n—8)th film m,_, 1s higher
than the refractive index of the (n-7)th film m, ., the
refractive mndex of the (n-6)th film m,__. 1s higher than the
refractive index of the (n-3)th film m, _-, the refractive index
of the (n—4)th film m,_, 1s higher than the refractive index of
the (n—-3)th film m, _,, and the refractive index of the (n-2)th
film m__, 1s higher than the retractive index of the (n-1)th
film m,_,; the refractive index of the (n-10)th film m, _, ., the
refractive index of the (n-8)th film m, _,, the refractive index
of the (n-6)th film m,_,, the refractive index of the (n—4)th
film m__,, and the refractive index of the (n-2)th film m,_,
may be different; and the refractive index of the (n-9)th film
m,_,, the refractive index of the (n-7)th film m,__,, the
refractive index of the (n-5)th film m,_., the refractive index
of the (n-3)th film m,_,, and the refractive index of the
(n-1)th film m _, may be different.

For example, thicknesses of the above-described films
range from 50 nm to 190 nm, and the thicknesses of the films
are not limited to the range.

The above-described reflective microstructure 3010 1s
made of a transparent material (with respect to light incident
on the retro-reflective element 301); and refractive indexes
of the transparent materials of the retlective microstructures
3010 are all larger than 1, that 1s, the refractive indexes of
the reflective microstructures 3010 are larger than 1.

In some embodiments of the present disclosure, the
reflective layer 3013 1s connected with the reflective surface
of the retlective microstructure 3010 1 a form of coating.
The respective films 1n the reflective layer 3013 are 1n a
stacked connection by bonding, vapor deposition, electro-
plating, sputtering, or deposition, or the like

In some embodiments of the present disclosure, the
reflective layer 3013 1s formed by stacking films with

different refractive indexes; and refractive indexes between
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adjacent films are distributed 1n a high and low pattern. The
above-described films whose refractive indexes are distrib-
uted 1n a high and low pattern are made of materials below.

For example, the film having the high refractive index
may be, but 1s not limited to: a strontium titanate film, a
chromium oxide film, a copper oxide film, a titanium
dioxide (rutile type) film, a titantum dioxide (anatase type)
film, an amorphous selentum film, a zinc oxide film, a
gallium nitride film, an 1odine crystal film, an amorphous
silicon film, a monocrystalline silicon film, a titanium pen-
toxide film, a zirconium dioxide film, a tantalum pentoxide
film, or a nmobium pentoxide film. For example, the film
having low refractive indexes may be but 1s not limited to:
a silicon dioxide film or a magnesium fluoride film.

Through the films with high refractive indexes and the
f1lms with low refractive indexes according to some embodi-
ments of the present disclosure, for example, high reflec-
tance of the reflective layer with respect to light 1s 1mple-
mented, thereby implementing high reflectance of the retro-
reflective element with respect to light.

In an example, refractive indexes between all adjacent
films 1n the reflective layer 3010 present a high and low
distribution pattern, that 1s, the refractive index of the 1st
film m, 1s higher than the refractive index of the 2_ , film m.,,
the refractive index of the 3rd film m, 1s higher than the
refractive index of the 4th film m,, the refractive index of the
Sth film m; 1s higher than the refractive index of the 6th film
m,, and so on, the refractive index of the (n-1)th film m,__,
1s higher than the refractive index of the nth film m,.

In the above-described reflective layer 3013, refractive
indexes between all adjacent films present a high and low
distribution pattern; 1 some embodiments of the present
disclosure, the reflective layer 3013 includes two types of
refractive indexes, one of which 1s ligher than the other.
That 1s, the refractive index of the 1st film m,, the refractive
index of the 3rd film m,, the refractive index of the 5th film
m-, . . . are all the same, the refractive index of the 2, film
m,, the refractive index of the 4th film m,, the refractive
index of the 6th film m,, . . . are all the same, the refractive
index of the 1st film m, 1s higher than the refractive index
of the 2 , film m,. That 1s, the reflective layer 3013 1is
composed of films with two different types of refractive
indexes repeatedly stacked in an order of high and low
refractive indexes. The retlective layer 3013 of the above-
described example has high reflectance with respect to light,
so the retro-reflective element 301 has high reflectance with
respect to light.

For example, the number of layers of the above-described
films 1s not less than 2; accordingly, the large the number of
f1lms, the higher the retlectance of the reflective layer 3013,
and the higher the retlectance of the retro-retlective element,
so that the retro-reflective element has high reflectance with
respect to light.

It 1s to be noted that, the reflective layer 3013 provided by
some embodiments of the present disclosure 1s not limited to
being implemented as a multi-layer dielectric film; accord-
ing to actual application needs, for example, the reflective
layer 3013 provided on the retlective surface of the reflective
microstructure 3010 1s a metal reflective layer; the metal
reflective layer has high reflective efliciency with respect to
light; for example, the metal reflective layer 1s an aluminum
metal reflective layer or a silver metal retlective layer or
others; and for example, the metal reflective layer 1s con-
nected with the reflective surface of the reflective micro-
structure 3010 through plating, which 1s not limited thereto.

For example, the refractive index of the reflective layer
3013 provided on the reflective surface of the reflective
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microstructure 3010 1s designed to be lower than the refrac-
tive index of the reflective microstructure 3010 per se, and
the lower value (1.e., a difference between the refractive
index of the reflective microstructure 3010 and the refractive
index of the reflective layer 3013) 1s not smaller than 0.13;
the retlective microstructure 3010 1s made of a transparent
material, and the refractive index of the transparent material
1s larger than 1, then the refractive index of the reflective
microstructure 3010 1s larger than 1 so that reflective efli-
ciency ol the reflective layer 3013 and the retro-reflective
clement 301 with respect to light 1s high.

For example, because the refractive index of the reflective
layer 3013 1s lower than the refractive index of the reflective
microstructure 3010 when light 1s incident from a side of the
reflective microstructure 3010, 1t 1s emitted from an opti-
cally dense medium toward an optically sparse medium, and
for example, a portion of the light incident thereon 1s totally
reflected, which further improves reflective efliciency.

For example, the reflective microstructure per se 1s made
of a transparent material; the transparent material 1s a
polymer transparent material, glass, or others; a refractive
index of the transparent matenal 1s larger than 1; accord-
ingly, for example, the reflective layer 3013 provided on the
reflective surface of the retlective microstructure 1s made of
respective materials in Table 1, as long as the refractive
index thereof 1s lower than the refractive index of the
reflective microstructure 3010 per se and the lower value 1s
not smaller than 0.15; a material of the reflective layer
provided on the reflective surface of the reflective micro-

structure may be, but not limited to, respective materials 1n
Table 2.

TABLE 2

Material name (molecular formula) Refractive index

Agate S10, 1.544 to 1.553
Albite Na,0°*Al,0,°6810, 1.529
Albite (Feldspar) NaAlS1;0g 1.527 to 1.53%8
Almandine (Garnet) 1.830
Alumina Al, O, 1.760
Alumina trihydrate Al,O5;*3H-50 1.577 to 1.595
Aluminium Hydroxide AI{OH), 1.56 to 1.75
(Nat. Boehmite) AIO(OH) 1.64 to 1.67
Aluminium Oxide Al,O, 1.76 to 1.768
(Corundum) 1.765
Aluminium Silicate Al,O;°810, 1.65
Anatase (Titanium Dioxide) TiO, 2.49 to 2.56

Andesine (Feldspar) 1.544 to 1.563

([NaSi]0.7-0.5 [CaAl]0.3-0.5)AlSi,0q

Anorthite (Feldspar) CaAl>S1,04 1.577 to 1.590
Anorthoclase (Feldspar) (Na, K)AIS1;04 1.523 to 1.529
Aragonite (Calcium Carbonate) CaCO, 1.530 to 1.686
Arsenic Sulphur Glass 2.61

The reflective microstructure 3010 in the retro-reflective
clement 301 will be exemplarily described below.

For example, 1n the head-up display device according to
some embodiments of the present disclosure, 1n the case
where the reflective microstructure 3010 1n the retro-reflec-

tive element 301 adopts a spatial structure composed of
three faces perpendicular to each other pairwise, and the
spatial structure 1s a structure with a solid center, and a
material of the structure with the solid center comprises a
transparent material, the retlective microstructure 3010 may
be, but 1s not limited to, a spatial structure composed of three
taces perpendicular to each other pairwise, the three faces
are all reflective surfaces, and the spatial structure composed
of three faces perpendicular to each other pairwise 1s a
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structure with a solid center, and a material of the structure
with the solid center comprises a transparent material.

For example, the spatial structure composed of three faces
perpendicular to each other pairwise may include, but 1s not
limited to, a triangular pyramid structure having an equilat-
eral-triangular cross section or a triangular pyramid structure
having an 1sosceles-triangular cross section or a cubic struc-
ture having a rectangular cross section.

For example, FIG. 12 may be referred to for the triangular
pyramid structure having an equilateral-triangular cross sec-
tion; 1n FIG. 12, when the incident light 1s incident on the
retro-reflective element, the incident light 1s refracted into
the tnangular pyramid structure having an equilateral-trian-
gular cross section, subjected to three reflections on the
reflective surface inside the triangular pyramid structure
having an equilateral-triangular cross section, and then 1s
refracted out of the triangular pyramid structure; and the
refracted light 1s 1n an opposite direction of the incident
light.

For example, FIG. 23 may be referred to for the triangular
pyramid structure having an 1sosceles-triangular cross sec-
tion; 1n FIG. 23, when the incident light 1s imncident on the
retro-reflective element, the incident light 1s refracted into
the triangular pyramid structure having an 1sosceles-trian-
gular cross section, subjected to three reflections on the
reflective surface inside the triangular pyramid structure
having an 1sosceles-triangular cross section, and then 1s
refracted out of the triangular pyramid structure; and the
refracted light 1s 1n a direction opposite to the incident light.

For example, FIG. 15 may be referred to for the cubic
structure having a rectangular cross section; in FIG. 15, 1n
the case where incident light 1s incident on the retro-
reflective element, the incident light 1s refracted into the
cubic structure having a rectangular cross section, subjected
to three reflections on the retlective surface inside the cubic
structure having a rectangular cross section, and then 1s
refracted out of the cubic structure having a rectangular
cross section; and the refracted light 1s 1 an opposite
direction of the incident light.

For example, in the head-up display device according to
some embodiments of the present disclosure, in the case
where the reflective microstructure 3010 in the retro-reflec-
tive element 301 adopts a spherical microstructure and the
spherical microstructure 1s a structure with a solid center,
and a material of the structure with the solid center com-
prises a transparent material, the spherical microstructure
per se has a retlective layer; and reflectance of the reflective
layer 1s as high as 95%. FIG. 16 may be referred to for the
spherical microstructure; 1n the case where light 1s incident
on the retro-reflective element, the light 1s refracted into the
spherical microstructure at point P on the spherical micro-
structure, and reflected at pomnt O 1inside the spherical
microstructure; the retlected light reaches point Q on the
spherical microstructure, refracted again; and the refracted
light 1s 1n an opposite direction of the incident light.

For example, with respect to a head-up display device
according to some embodiments of the present disclosure, 1n
practical application, the retro-reflective element 1s provided
on an external support element part, specifically, the filler 1s
provided on the external support element 3014, as shown 1n
FIG. 28, in the case where light 1s mncident on the retro-
reflective element, retro-reflection occurs. It should be
understood that, because the substrate 3011 and the reflec-
tive microstructures 3010 distributed on the surface of the
substrate 3011 have a refractive index larger than 1, the light
should be refracted into and refracted out of the substrate
3011 with the reflective microstructures; for convenience of
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illustration, the diagram does not show the refraction pro-
cess, but only schematically shows the process that light 1s
subjected to one or more retlections on the reflective micro-
structure 3010, and the reflected light 1s emitted 1n an
opposite direction of the incident light.

FIG. 29 1s a structural schematic diagram of a retro-
reflective element provided by some embodiments of the
present disclosure. For example, as shown in FIG. 29, the
retro-reflective element 301 includes a substrate 3011, a
plurality of reflective microstructures 3010 (solid reflective
microstructures 3010_1) distributed on a surface of the
substrate 3011 and a reflective layer 3013; the retlective
microstructures 3010 (the solid reflective microstructures
3010_1) are located on a side of the substrate 3011 that 1s
away from the diffusing element 300; a reflective layer 3013
1s provided on a reflective surface 3015 of the reflective
microstructure 3010 (the solid reflective microstructure
3010_1), that 1s, the reflective layer 3013 1s for example
provided on a surface of a side of the reflective microstruc-
ture 3010 (the solid reflective microstructure 3010_1) that 1s
away Irom the substrate 3011. For example, the substrate
3011 and the plurality of reflective microstructures 3010
shown 1 FIG. 9 may be integrally formed; for example,
there 1s no interface between the substrate 3011 and the
reflective microstructure 3010; for example, the substrate
3011 and the reflective microstructure 3010 are formed 1n a
same fabrication process.

FIG. 30 1s a structural schematic diagram of another
retro-reflective element provided by some embodiments of
the present disclosure. The retro-reflective element shown in
FIG. 30 1s similar to the retro-reflective element shown 1n
FIG. 29; a diflerence between the retro-reflective element
shown 1n FIG. 30 and the retro-reflective element shown 1n
FIG. 29 includes: the reflective microstructure 3010
included in the retro-reflective element shown in FIG. 30 1s
a solid tnangular pyramid structure having an isosceles-
triangular (non-right-triangular) cross section, while the
reflective microstructure 3010 included in the retro-reflec-
tive element shown 1n FIG. 29 1s a solid triangular pyramid
structure having an equilateral-triangular cross section.

FIG. 31 i1s a structural schematic diagram of a further
retro-reflective element provided by some embodiments of
the present disclosure. The retro-retlective element shown 1n
FIG. 31 1s similar to the retro-reflective element shown 1n
FIG. 29; and differences between the retro-reflective ele-
ment shown i FIG. 31 and the retro-reflective element
shown 1n FIG. 29 mclude: (1) the reflective microstructure
3010 (the hollow reflective microstructure 3010_2) included
in the retro-reflective element shown 1n FIG. 31 1s a hollow
triangular pyramid structure having an equilateral-triangular
cross section; (2) the reflective microstructure 3010 (the
hollow reflective microstructure 3010_2) included 1n the
retro-reflective element shown in FIG. 31 1s located on a side
of the substrate 3011 that 1s close to the diffusing element
300; (3) a reflective layer 3013 1s provided on the reflective
surface 3013 (1.e., the 1inner surface of the hollow retlective
microstructure 3010_2) of the reflective microstructure 3010
(the hollow retlective microstructure 3010_2), that 1s, the
reflective layer 3013 may be arranged on a side of the
reflective surface 3015 of the reflective microstructure 3010
(the hollow reflective microstructure 3010_2) that is close to
the diflusing element 300. For example, the substrate 3011
and the plurality of reflective microstructures 3010 shown 1n
FIG. 31 may be integrally formed. FIG. 32 i1s a schematic
diagram of a light path of the retro-reflective element shown
in FIG. 31; and an orientation of an arrow in FIG. 32
indicates a transmission direction of light.
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FIG. 33 1s a structural schematic diagram of still another
retro-reflective element provided by some embodiments of
the present disclosure. FIG. 34 1s a schematic diagram of a
light path of the retro-reflective element shown 1n FIG. 33.
The retro-retlective element shown in FIG. 33 1s similar to
the retro-reflective element shown 1n FIG. 31; and a difler-
ence between the retro-reflective element shown 1n FIG. 33
and the retro-reflective element shown 1n FIG. 31 includes
the reflective microstructure 3010 included in the retro-
reflective element shown 1n FIG. 33 i1s a hollow triangular
pyramid structure having an 1sosceles-triangular (non-right-
triangular) cross section, while the reflective microstructure
3010 included 1n the retro-reflective element shown in FIG.
31 1s a hollow trniangular pyramid structure having an
equilateral-triangular cross section.

FIG. 35 1s a structural schematic diagram of still another
retro-reflective element provided by some embodiments of
the present disclosure. The retro-reflective element shown in
FIG. 35 1s similar to the retro-reflective element shown 1n
FIG. 29; a diflerence between the retro-retlective element
shown 1n FIG. 35 and the retro-reflective element shown 1n
FIG. 29 includes the reflective microstructure 3010 included
in the retro-retlective element shown 1n FIG. 35 15 a solid
cubic structure having a rectangular cross section, while the
reflective microstructure 3010 included in the retro-reflec-
tive element shown 1n FIG. 29 1s a solid triangular pyramid
structure having an equilateral-triangular cross section.

FIG. 36 1s a structural schematic diagram of still another
retro-reflective element provided by some embodiments of
the present disclosure. The retro-reflective element shown in
FIG. 36 1s similar to the retro-reflective element shown 1n
FIG. 31; and a difference between the retro-reflective ele-
ment shown i FIG. 36 and the retro-reflective element
shown 1n FIG. 31 includes the reflective microstructure 3010
included 1n the retro-reflective element shown 1n FIG. 36 1s
a hollow cubic structure having a rectangular cross section,
while the reflective microstructure 3010 included in the
retro-reflective element shown i FIG. 31 1s a hollow
triangular pyramid structure having an equilateral-triangular
cross section. For example, for specific description of the
solid and the hollow triangular pyramid structures and the
solid and the hollow cubic structures, the foregoing embodi-
ment may be referred to, and no details will be repeated here.

For example, at least one embodiment of the present
disclosure further provides another head-up display device,
which includes a light control device. The light control
device includes a retro-retlective element and a diffusing
clement; the retro-reflective element 1s configured to reflect
light incident on the retro-reflective element in a direction
opposite to an incident direction of the light incident on the
retro-reflective element; the diflusing element 1s configured
to diffuse light incident on the diffusing element; light
emitted by the 1mage source, incident on the transtlective
device, and used for forming an image 1s reflected by the
transflective device onto the light control device; the light
reflected onto the light control device passes through the
diffusing element and 1s reflected back to the diffusing
clement by the retro-reflective element; and the light
reflected back to the diffusing element passes through the
diffusing element, 1s incident onto the transtlective device
again, and 1s reflected again by the transflective device, to
form a virtual image on a side, away from the 1image source,
of the transflective device.

Some embodiments of the present disclosure further pro-
vide a motor vehicle, which includes the head-up display
device according to any one of the above-described embodi-
ments. The motor vehicle provided by some embodiments of
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the present disclosure adopts the above-described head-up
display device; for example, the above-described head-up
display device allows a drniver to directly see richer infor-
mation, for example, a navigation map, complex safety
information, and other large-sized picture without looking
down at a dashboard during driving, which, thus, may better
meet the drniver’s needs for controlling various types of
information during driving the vehicle.

Although the present disclosure has been described 1n
detail with general description and specific implementing
modes, i1t 1s obvious to those skilled in the art that some
modifications or improvements may be made on the basis of
the embodiments of the present disclosure. Therefore, these
modifications and improvements made without departing
from the spinit of the present disclosure all fall within the
protection scope of the present disclosure.

What has been described above merely are exemplary
embodiments of the present disclosure, and not intended to
define the scope of the present disclosure, and the scope of
the present disclosure 1s determined by the appended claims.

The 1nvention claimed 1s:

1. A head-up display device, comprising an 1image source,
a transtlective device, and a light control device,

wherein the image source 1s configured to emit light for

forming an 1mage;

the transtlective device 1s configured to retlect light,

which 1s emitted from the image source and incident on
the transflective device, and transmit ambient light
incident on the transtlective device;

the light control device comprises a retro-reflective ele-

ment and a diffusing element;

the retro-retlective element 1s configured to reflect light

incident on the retro-retflective element 1n an direction
opposite to an incident direction of the light incident on
the retro-retlective element;

the diffusing element i1s configured to diffuse light 1nci-

dent on the diflusing element;

the 1mage source firstly emits the light for forming the

image; the light for forming the 1image 1s incident on the
transflective device; the light emitted by the imag

source and incident on the transtlective device 1s sub-
jected to a first retlection by the transflective device; the
light subjected to the first retlection by the transtlective
device 1s incident on the light control device, passes
through the diflusing element, and then 1s incident on
the retro-reflective element; the retro-reflective element
allows the light incident on the retro-reflective element
to be emitted in the direction opposite to the mncident
direction of the light incident on the retro-reflective
clement; the light emitted 1n the direction opposite to
the incident direction of the light incident on the
retro-reflective element passes through the diffusing
clement and 1s diffused by the diffusing element; the
light diffused by the diffusing element 1s incident on the
transtlective device, and 1s subjected to a second retlec-
tion by the transflective device to form a virtual image.

2. The head-up display device of claim 1, wherein the
diffusing element adopts a device configured to diffuse the
light incident on the diflusing element to form one or more
beams having a certain shape.

3. The head-up display device of claim 2, wheremn a
cross-sectional shape of the beam comprises at least one
selected from the group consisting of linear shape, circular
shape, elliptical shape, square shape, and rectangular shape.

4. The head-up display device of claim 1, wherein the
retro-reflective element comprises a substrate and a plurality
of microstructures at the substrate.
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5. The head-up display device of claim 4, wherein a
reflective layer 1s between the substrate and the microstruc-
tures.

6. The head-up display device of claim 5, wherein reflec-
tance of the reflective layer ranges from 50% to 95%.

7. The head-up display device of claim 5, wherein the
microstructure 1s a spatial structure comprising three faces
perpendicular to each other pairwise; and the three faces are
all configured as retlective surfaces; or

the microstructure adopts a spherical structure.

8. The head-up display device of claim 7, wherein the
spatial structure adopts a hollow concave structure or adopts
a structure with a solid center, and a material of the structure
with the solid center comprises a transparent material; and

in a case where the spatial structure adopts the hollow

concave structure, three inner surtaces perpendicular to
cach other of the hollow concave structure are config-
ured as the reflective surfaces; and 1n a case where the
spatial structure adopts the structure with the solid
center, three outer surfaces perpendicular to each other
of the structure with the solid center are configured as
the retlective surfaces.

9. The head-up display device of claim 8, wherein the
microstructure 1s a triangular pyramid structure comprising,
three triangles perpendicular to each other pairwise or a
cubic structure comprising three rectangles perpendicular to
cach other pairwise.

10. The head-up display device of claam 9, wherein at
least one of the reflective surfaces 1s provided with a
reflective layer; and retlectance of the reflective layer ranges
from 50% to 95%.

11. The head-up display device according to claim 7,
wherein the spherical structure adopts a structure with a
solid center, and a material of the structure with the solid
center comprises a transparent material.

12. The head-up display device of claim 1, wherein the
image source adopts a projecting device; the transtlective
device adopts a windshield of a transportation tool; the
projecting device 1s configured to emit light to the wind-
shield of the transportation tool; and the light control device
1s below the windshield of the transportation tool.

13. The head-up display device of claim 12, wherein the
projecting device comprises a lens portion.

14. The head-up display device of claim 1, wherein the
diffusing element i1s on a side, close to the transflective
device, of the retro-reflective element.

15. The head-up display device of claim 14, wherein an
orthographic projection of the transflective device on a
plane, where the diflusing element 1s located, at least par-
tially overlaps the diffusing element.

16. The head-up display device of claim 14, wherein the
image source 1s on a side, away from the virtual image, of
the transflective device;

an orthographic projection of the image source on a plane

where the diffusing element 1s located and an ortho-
graphic projection of the transtlective device on the
plane where the diffusing element 1s located are spaced
apart from each other; and

the orthographic projection of the image source on the

plane where the diffusing element i1s located and the
light control device are spaced apart from each other.

17. A motor vehicle, comprising the head-up display
device of claim 1.

18. A head-up display device, comprising a light control
device,

wherein the light control device comprises a retro-retlec-

tive element and a diffusing element;
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the retro-reflective element 1s configured to reflect light
incident on the retro-reflective element 1n a direction

opposite to an incident direction of the light incident on
the retro-reflective element;

the diffusing element i1s configured to diffuse light 1nci-
dent on the diffusing element;

light, which 1s emitted by an image source, for use of
'Jeing incident on a transilective device, and for use of

forming an image, 1s reflected by the transflective
device to the light control device; the light reflected to

the light control device passes through the diffusing
clement and then 1s reflected back to the diffusing

clement by the retro-reflective element; the light
reflected back to the diffusing element passes through
the diffusing element, 1s 1incident on the transflective
device again, and 1s reflected by the transtlective device
again, to form a virtual image on a side, away from the
image source, ol the transflective device.

19. The head-up display device of claam 18, further
comprising the transtlective device,
wherein the transtlective device 1s configured to reflect the

light, which 1s emitted from the image source and
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incident on the transtlective device, and transmit ambi-
ent light incident on the transtlective device; and the
diffusing element 1s on a side, close to the transflective

device, of the retro-retlective element, and

an orthographic projection of the transtlective device on a

L ] [

plane where the di
partially overlaps the diflusing element.

using element 1s located at least

20. The head-up display device of claam 18, further

comprising the image source,

wherein the 1mage source 1s on a side, away from the

virtual 1mage, of the transtlective device;

an orthographic projection of the image source on a plane
where the diffusing element 1s located and the ortho-
graphic projection of the transtlective device on the

plane where the diffusing element is located are spac
apart from each other; and

the orthographic projection of the image source on t
plane where the diffusing element i1s located and t

ed

he
he

light control device are spaced apart from each other.
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